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DATA HANDBOOK SYSTEM 


Our Data Handbook System comprises more than 60 books with specifications on electronic compo- 
nents, subassemblies and materials. It is made up of four series of handbooks: 


ELECTRON TUBES BLUE 
SEMICONDUCTORS | RED 
INTEGRATED CIRCUITS PURPLE 
COMPONENTS AND MATERIALS | GREEN 


The contents of each series are listed on pages iv to viii. 


The data handbooks contain all pertinent data available at the time of publication, and each is revised 
and reissued periodically. 


When ratings or specifications differ from those published in the preceding edition they are indicated 
with arrows in the page margin. Where application information is given it is advisory and does not 
form part of the product specification. 


Condensed data on the preferred products of Philips Electronic Components and Materials Division is 
given in our Preferred Type Range catalogue (issued annually). 


Information on current Data Handbooks and on how to obtain a subscription for future issues is 
available from any of the Organizations listed on the back cover. 
Product specialists are at your service and enquiries will be answered promptly. 
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ELECTRON TUBES (BLUE SERIES) 


The blue series of data handbooks comprises: 

T1 Tubes for r.f. heating 

T2a Transmitting tubes for communications, glass types 
T2b ~=—s Transmitting tubes for communications, ceramic types 
T3 Klystrons 

T4 Magnetrons for microwave heating 


T5 Cathode-ray tubes Nae 
Instrument tubes, monitor and display tubes, C.R. tubes for special applications 


T6 Geiger-Miiller tubes 
T7 Gas-filled tubes (will not be reprinted) 


T8 Colour display systems 
Colour TV picture tubes, colour data graphic display tube assemblies, deflection units | 


T9 Photo and electron multipliers 

T10  Plumbicon camera tubes and accessories 
T11 Microwave semiconductors aiid components 
T12  Vidicon and Newvicon camera tubes 


T13 Image intensifiers 


| Data collations on these subjects are available now. 


Infrared detect 
RUA: oLntvaredi detectors | Data Handbooks will be published in 1985. 


T15 Dry reed switches 


T16 Monochrome tubes and deflection units 
Black and white TV picture tubes, monochrome data graphic display tubes, deflection units 
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SEMICONDUCTORS (RED SERIES) 


The red series of data handbooks comprises: 


$1 


S2a 


S2b 


$3 


S4a 


S4b 


S5 


$6 


S7 


$8 


S9 


$10 


$11 


$12 


Saal germanium diodes, small-signal silicon diodes, voltage regulator diodes (<< 1,5 W), 
voltage reference diodes, tuner diodes, rectifier diodes 

Power diodes 

Thyristors and triacs 

Small-signal transistors 

Low-frequency power transistors and hybrid modules 

High-voltage and switching power transistors 

Field-effect transistors 

R.F. power transistors and modules 

Surface mounted semiconductors 

Devices for optoelectronics 

Photosensitive diodes and transistors, light-emitting diodes, displays, photocouplers, infrared 
sensitive devices, photoconductive devices. 

Power MOS transistors 

Wideband transistors and wideband hybrid !C modules 


Microwave transistors 


Surface acoustic wave devices 
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INTEGRATED CIRCUITS (PURPLE SERIES) 


The purple series of data handbooks comprises: 


EXISTING SERIES 


IC1 
Ic2 
Ic3 


iC4 
IC5 


IC6 
IC7 
ICS 
IC9 
1010 


1011 


Bipolar ICs for radio and audio equipment 


Bipolar ICs for video equipment 


Superseded by: 


ICOIN 


ICO2Na and |CO2Nb 


ICs for digital systems in radio, audio and video equipment ICO1N, |CO2Na and ICO2Nb 


Digital integrated circuits 
CMOS HE4000B family 


Digital integrated circuits — ECL | 
ECL10000 (GX family), ECL100 000 (HX family), dedicated designs 


Professional analogue integrated circuits 
Signetics bipolar memories 

Signetics analogue circuits 

Signetics TTL logic 

Signetics Integrated Fuse Logic (IFL) 


Microprocessors, microcomputers and peripheral circuitry 


June 1985 


ICO8N 


IC11N 
ICOON and IC15N 
IC13N 


IC14N 


NEW SERIES 


ICO1N 


1CO2Na 


ICO2Nb 


ICO3N 


ICO4N 


ICOS5N 


ICO6N 


Radio, audio and associated systems 
Bipolar, MOS 


Video and associated systems 
Bipolar, MOS 
Types MAB8031AH to TDA1524A 


Video and associated systems 
Bipolar, MOS 
Types TDA2501 to TEA1002 


integrated circuits for telephony 


HE4000B logic family 
CMOS 


HE4000B logic family — uncased ICs 
CMOS 


High-speed CMOS; PC54/74HC/HCT/HCU 
Logic family 


Supplement High-speed CMOS; PC74HC/HCT/HCU 


to ICO6N 


ICO7N 


ICO8N 


ICOON 


IC10N 


IC11N 


IC12N 


IC13N 


IC14N 


ICTSN 


Note 


Books available in the new series are shown with their date of publication. 


Logic family 


High-speed CMOS; PC54/74HC/HCT/HCU — uncased ICs 
Logic family 


ECL 10K and 100K logic families 
TTL logic series 


Memories 
MOS, TTL, ECL 


Linear LSI 


Semi-custom gate arrays & cell libraries 
ISL, ECL, CMOS 


Semi-custom 
Integrated Fuse Logic 


Microprocessors, microcontrollers & peripherals 
Bipolar, MOS 


FAST TTL logic series 


(published 1985) 


(published 1985) 


(published 1985) 


(published 1985) 


(published 1984) 


(published 1985) 


(published 1985) 


(published 1984) 


(published 1984) 


(published 1985) 


(published 1985) 


(published 1985) 


(published 1984) 


October 1985 
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COMPONENTS AND MATERIALS (GREEN SERIES) 


The green series of data handbooks comprises: 


C1 


C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
C10 
C11 


C12 
C13 


C14 - 


C15 
C16 
C17 
C18 
C19 


C20 
C21* 


C22 


Programmable controller modules 
PLC modules, PC20 modules 


Television tuners, coaxial aerial input assemblies, surface acoustic wave filters 
Loudspeakers 

Ferroxcube potcores, square cores and cross cores 

Ferroxcube for power, audio/video and accelerators 

Synchronous motors and gearboxes 

Variable capacitors 


Variable mains transformers 


_ Piezoelectric quartz devices 


Connectors 


Non-linear resistors 
Voltage dependent resistors (VDR), light dependent resistors (LDR), negative temperature 
coefficient thermistors (NTC), positive temperature coefficient thermistors (PTC) 


Potentiometers, encoders and switches 
Fixed resistors 

Electrolytic and solid capacitors 

Ceramic capacitors 

Permanent magnet materials 

Stepping motors and associated electronics 
Direct current motors 

Piezoelectric ceramics 


Wire-wound components for TVs and monitors 


Assemblies for industrial use 
HNIL FZ/30 series, NORbits 60-, 61-, 90-series, input devices 


Film capacitors 


* Will be issued in 1985. 
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INTRODUCTION TO HANDBOOK ICO6N 
SUPPLEMENT — HIGH-SPEED CMOS 


Since the issue of our most recent data handbook on high- 
speed CMOS, ICO6N (published Spring 1985), we have 
significantly extended our HCMOS PC74HC/HCT/HCU 
logic family and have upgraded the family specifications. 
To inform you of the new circuits and family specifications 
we have published this supplement to !CO6N. The sup- 
plement will be incorporated in the next revision of 
handbook ICO6N, due in the beginning of 1986. 


The upgrades are: 


@ 74HC/HCT/HCU family is now specified for an operating 
ambient temperature range of —40 to + 85 °C and an 
extended range of —40 to + 125 °C; 


@ noise immunity has been improved by up to 50% for HC 
types, with a specified switching level for Vy; of 30% 
of the supply voltage Vcc; 


@ 74HC/HCT/HCU family is available in SO plastic mini- 
packs for surface mounting as well as in plastic DIL 
packages. 


Because the 74HC/HCT/HCU family can now be used over 
the extended operating ambient temperature range, we no 
longer supply the 54HC/HCT/HCU family. 


The 74HCMOS family is manufactured using a self-aligning 
3 um polycrystalline silicon-gate CMOS process combined 
with local oxidation of silicon (LOCOS). The circuits have 
the low power consumption, high immunity to input noise 
and wide operating temperature range of earlier silicon-gate 
CMOS circuits together with the high-speed and drive capa- 
bility of bipolar, low power Schottky TTL (LSTTL). 


Many 74HCMOS circuits are pin-compatible with existing 
54/74 LSTTL and HE4000B CMOS digital logic circuits. 
The 74HCT circuits are an ideal replacement for LSTTL 
circuits and can interface between CMOS and TTL. 


All 74HCMOS circuits are fully buffered*, operate up to 
60 MHz (typ.) and have gate delays of about 8 ns. Two 
types of circuits are available: 


HC CMOS input switching levels (2Vec), 
power supply = 2to6V; 
HCT TTL input switching levels (1.3 V), 


power supply = 5 V (typ.). 


* An unbuffered HCMOS circuit is available: hex inverter 
HCU04. 


INTRODUCTION 


Features 

@ Very low power dissipation 

@ DC noise margin of HC types twice that of TTL devices 

@ 30/70% switching levels 

@ Fanout capability of 10 LSTTL loads (4 mA); this is 
increased to 15 LSTTL loads (6 mA) in circuits having 
bus-driver outputs 

@ Wide operating voltage range 

@ Latch-up free operation 

® \Improved protection against electrostatic discharge 

@ Functions and pinning identical to our popular LSTTL 
and CMOS HE4000B families of integrated circuits 

@ Analog switching types operating up to 10 V 

@ Symmetrical output sourcing and sinking currents and 
equal output rise and fall times 

@ Available in plastic SO packages for surface mounting 
and plastic DIL packages 

@ Choice of operating ambient temperature range: 
—40 to + 85 °C or —40 to + 125 °C 

@ Meets JEDEC standard No. 7 
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FUNCTIONAL INDEX 


HCMOS 74HC/HCT/HCU FAMILY 


Type numbers have a suffix which signifies the type of package: 
P = plastic DIL; T = plastic SO mini-pack 


type no. description . pins classification page 


NAND/NOR gates/EXCLUSIVE-NOR gates 


HC/HCT03 quad 2-input NAND gate 14 SSI 35 
HC/HCT10 triple 3-input NAND gate 14 SSI 51 
HC7266 quad 2-input EXCLUSIVE-NOR gate 14 SSI 121 


AND/OR EXCLUSIVE-OR gates 
HC/HCT08 quad 2-input AND gate 14 SSI 47 


Inverters/buffers/line drivers/level shifters 


HCU04 hex inverter (unbuffered) 14 SSI 41 
HC/HCT125* quad buffer/line driver; 3-state 14 MSI 61 
HC/HCT126* quad buffer/line driver; 3-state 14 MSI 67 
HC/HCT365* hex buffer/line driver with common enable; 3-state 16 MSI 125 
HC/HCT366* hex buffer/line driver with common enable; 3-state; inverting 16 MSI 129 
HC/HCT367* hex buffer/line driver; 3-state 16 MSI 133 
HC/HCT368* hex buffer/line driver; 3-state; inverting 16 MSI 137 
HC4049 hex inverting HIGH-to-LOW level shifter 16 SSI 181 
HC4050 hex HIGH-to-LOW level shifter 16 SSI 187 


Flip/flops/latches/registers 


HC/HCT173* quad D-type flip-flop; positive-edge trigger; 3-state 16 MSI 103 
HC/HCT174 hex D-type flip-flop with reset; positive-edge trigger 16 MSI 109 
HC/HCT564* octal D-type flip-flop; positive-edge trigger; 3-state; inverting 20 MS! 147 
HC/HCT40105 4-bit x 16-word FIFO register 16 MS! 227 


Shift registers 


HC/HCT7597 8-bit shift register with input latches 16 MSI 153 
HC/HCT4094 8-stage shift-and-store bus register 16 MSI 193 


Arithmetic circuits 


HC/HCT182 look-ahead carry generator 16 MSI 115 


* Types with a bus-driver output stage. 
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FUNCTIONAL INDEX 


Type numbers have a suffix which signifies the type of package: ; 
P = plastic DIL; T = plastic SO mini-pack a 


type no. description ~~~ - ping classification page 
Counters = | 

HC/HCT160 presettable synchronous BCD decade counter; asynchronous reset 16 MSI 79 
HC/HCT161 presettable synchronous 4-bit binary counter; asynchronous reset“ * 16 MSI ee 85 
HC/HCT162 presettable synchronous BCD decade counter; synchronous reset | 16 MSI , 91 
HC/HCT163 presettable synchronous 4-bit binary counter; synchronous reset ©“ °° = = 16 MSI = 97 
HC/HCT390 dual decade ripple counter ae 16° «=MS!I 144 
HC/HCT4017 Johnson decade counter with 10 decoded outputs rad 16 Ms! 161 
HC/HCT4020 14-stage binary ripple counter . RES 16 MSI —° . 169 
HC/HCT4040 12-stage binary ripple counter 16 MSI 175 
HC/HCT4518 dual synchronous BCD counter | en |: MSE == —s 207 
HC/HCT4520 dual synchronous 4-bit binary counter ee: AG MSI 213 
HC/HCT40103 8-bit synchronous binary down counter er | MSI 7 : 219 


Decoders/demultiplexers 


HC/HCT4511 BCD to 7-segment latch/decoder/driver i 16 MSI _ 199 


Schmitt triggers | 
HC/HCT14 hex inverting Schmitt trigger i 14 SSI an):) 


HC/HCT132 quad 2-input NAND Schmitt trigger eo. 14 SSI 78 


* Types with a bus-driver output stage. 
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HCMOS 74HC/HCT/HCU FAMILY 


type no. 


HC/HCT03 
HCU04 

HC/HCT08 
HC/HCT10 
HC/HCT14 


HC/HCT125* 
HC/HCT126* 
HC/HCT132 
HC/HCT160 
HC/HCT161 


HC/HCT162 
HC/HCT163 
HC/HCT173* 
HC/HCT174 
HC/HCT182 


HC7266 

HC/HCT365* 
HC/HCT366* 
HC/HCT367* 
HC/HCT368* 


HC/HCT390 

HC/HCT564* 
HC/HCT7597 
HC/HCT4017 
HC/HCT4020 


HC/HCT4040 
HC4049 
HC4050 
HC/HCT4094 
HC/HCT4511 


HC/HCT4518 
HC/HCT4520 
HC/HCT40103 
HC/HCT40105 


* 


description 


quad 2-input NAND gate 


’ hex inverter (unbuffered) 


quad 2-input AND gate 
triple 3-input NAND gate 
hex inverting Schmitt trigger 


quad buffer/line driver; 3-state 

quad buffer/line driver; 3-state 

quad 2-input NAND Schmitt trigger 

presettable synchronous BCD decade counter; asynchronous reset 
presettable synchronous 4-bit binary counter; asynchronous reset 


presettable synchronous BCD decade counter; synchronous reset 
presettable synchronous 4-bit binary counter; synchronous reset 
quad D-type flip-flop; positive-edge trigger; 3-state 

hex D-type flip-flop with reset; positive-edge trigger 

look-ahead carry generator 


quad 2-input EXCLUSIVE-NOR gate 

hex buffer/line driver with common enable; 3-state 

hex buffer/line driver with common enable; 3-state; inverting 
hex buffer/line driver; 3-state 

hex buffer/line driver; 3-state; inverting 


dua! decade ripple counter 

octal D-type flip-flop; positive-edge trigger; 3-state; inverting 
8-bit shift register with input latches 

Johnson decade counter with 10 decoded outputs 

14-stage binary ripple counter 


12-stage binary ripple counter 

hex inverting HIGH-to-LOW level shifter 
hex HIGH-to-LOW level shifter 

8-stage shift-and-store bus register 

BCD to 7-segment latch/decoder/driver 


dual synchronous BCD counter 

dual synchronous 4-bit binary counter 
8-bit synchronous binary down counter 
4-bit x 16-word FIFO register 


Types with a bus driver output stage. 


NUMERICAL INDEX 
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HCMOS family characteristics FAMILY 
SPECIFICATIONS 


GENERAL A subset of the family, designated as XX74HCTXXXXX, 

These family specifications cover the common electrical ratings with the same features and functions as the ‘‘HC-types’’, will 

and characteristics of the entire HCMOS 74HC/HCT/HCU family, operate at standard TTL power supply voltage (5 V + 10%) 

unless otherwise specified in the individual device data sheet. and logic input levels (0,8 to 2,0 V) for use as pin-to-pin 
compatible CMOS replacements to reduce power consumption 

INTRODUCTION without loss of speed. These types are also suitable for converted 

The 74HC/HCT/HCU high-speed Si-gate CMOS logic family switching trom TTC te CMOS: 

combines the low power advantages of the HE4000B family Another subset, the XX74HCUXXXXX, consists of single-stage 

with the high speed and drive capability of the low power unbuffered CMOS compatible devices for application in RC or 

Schottky TTL (LSTTL). crystal controlled oscillators and other types of feedback 


f ; : : circuits which operate in the linear mode. 
The family will have the same pin-out as the 74 series and q stale 


provide the same circuit functions. HANDLING MOS DEVICES 
In these families are included several HE4000B family circuits - 


: acs Inpu r t ins tatic effects ina 
which do not have TTL counterparts, and some special circuits. pute ald outpiits are. pip tected agalnet elect ostaric 


wide variety of device-handling situations. 


The basic family of buffered devices, designated as However, to be totally safe, it is desirable to take handling 
XX74HCXXXXX, will operate at CMOS input logic levels for precautions into account (see also chapter ““APPLICATION 
high noise immunity, negligible typical quiescent supply and NOTES” section “HANDLING CMOS DEVICES”). 


input current. It is operated from a power supply of 2 to 6 V. 


RECOMMENDED OPERATING CONDITIONS FOR 74HC/HCT 


SYMBOL | PARAMETER 


pie 


oe input rise and fall times 
rtf except for Schmitt-trigger inputs 


Note 


For analog switches, e.g. “4016”, ‘4051 series’, ‘4351 series’, ‘‘4066" and ‘4067’, 10 V is specified as the maximum 
operating voltage. 


RECOMMENDED OPERATING CONDITIONS FOR 74HCU 


SYMBOL | PARAMETER 


Vcc DC supply voltage 
V\ DC input voltage range 
DC output voltage range 
operating ambient temperature range see DC and AC 
CHAR. 
operating ambient temperature range per device 
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FAMILY 
SPECIFICATIONS 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages are referenced to GND (ground = 0 V) 


eras [Pananeren [ww [wa 
a 
rine [oemmcenerns | [fan [wv tbo Sweeny 


DC output source or sink for -0.5V<Vo< Vie +0.5 V 
current 

— standard outputs 
— bus driver outputs 


DC Vcc or GND current 
for types with: 
— standard outputs 
— bus driver outputs 


storage temperature range 


Prot power dissipation per package 
plastic DIL 
plastic mini-pack (SO) 


power dissipation per package 


for temperature range: —40 to +85 °C 
74HC/HCT/HCU 


above +60 °C: derate linearly with 8 mW/K 


above +60 °C: derate linearly with 6 mW/K 


for temperature range: —40 to +125 °C 
74HC/HCT/HCU 


above +70 °C: derate linearly with 8 mW/K 


above +70 °C: derate linearly with 6 mW/K 


plastic DIL 


plastic mini-pack (SO) 


Note 


For analog switches, e.g. ‘4016’, ‘’4051 series’, ‘’4351 series’, ‘4066’ and “4067”, 11 V is specified as the maximum 
Operating voitage. 
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HCMOS family characteristics FAMILY 
SPECIFICATIONS 


DC CHARACTERISTICS FOR 74HC 


Voltages are referenced to GND (ground =0 V) 


Tamb (°C) 
74HC 
SYMBOL | PARAMETER 
+25 —40to+85 | —40to +125 


TEST CONDITIONS 


UNIT | Vcc | Vy OTHER 


ot 
< 
3 | 


— = © 
own 
oO 
Abe eee W ; 
of © 


VIH HIGH level input voltage 


alee 
4 Bw 
nae sews 
Dum 
oi 


VIL LOW level input voltage 


Rw o 
NO = O1 
oi 

--o 

oo CSO 

ol 


OPN PON | Of hy 
ONO |Oomo |omo < 


LOW level output voltage | 


VOL standard outputs 0.26 0.33 


0.7 
1.8 
2.3 
1.9 | 2.0 1.9 
van ie voltage 44 145 44 
5.9 |6.0 : 5.9 
V HIGH level output voltage | 3.98 3.84 3.7 
OH standard outputs 5.48 5.34 5.2 
V HIGH level output voltage | 3.98 3.84 3.7 
OH bus driver outputs 5.48 5.34 5.2 
Vou LOW level output voltage os 
all outputs 0.1 6.0 
El 


io) ooo 
oO 


= 
wW 
a) 


LOW level output voltage 0.33 


VOL bus driver outputs 


oo O° ooo a 
AS AD ae G9 bo 


Lil 


input leakage current 


o1 


3-state OF F-state current 


= 
>) 


‘= = 
ia ° 


quiescent supply current 


20.0 40.0 | vA 6.0 


pa 
bd 
vo) 
oD 
oe) 
ro) 
‘s 

> 
fo 
° 


flip-flops 
MSI 


160.0| nA | 6.0 


Sgpsaag = aS 
oo Ko) NN 


80.0 


October 1985 15 


_ FAMILY 
> SPECIFICATIONS 


DC CHARACTERISTICS FOR 74HCT 
Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) niles TEST CONDITIONS | 
SYMBOL 


UNIT | Vec | V1 
: Vooaios | 


VIH 
) Vit 
HIGH level output voltage 
VOH all outputs 
“1 HIGH level output voltage 
standard outputs 
HIGH level output voltage | a ee 
VOH bus driver outputs , ; 1 eG me 
LOW level output voltage ae eden 
VOL | all outputs : lo 20 . 
Vv LOW level output voltage 
OL standard outputs 
Vv LOW level output voltage 
OL bus driver outputs 
thy input leakage current 
Vo=Vcecor GND 
per input pin; 
+1Qz 3-state OF F-state current ‘ ‘ other inputs at 
Voc or GND; 
quiescent supply current 
SSI : ' : 
cc flip-flops : ; : 
MSI ; : : 
— 45 | og | other input at 
Alcc unit load coefficient is 1 ee : Vcc or GND; 
| (note 1) : 
Note | 


1. The additional quiescent supply current per input is determined by the Alcc unit load, which has to be multiplied by the unit load 
coefficient as given in the individual data sheets. For dual supply systems the theoretical worst-case (V; = 2.4 V; Voc = 5.5 V) 
specification is: Alcc¢ = 0.65 mA (typical) and 1.8 mA (maximum) across temperature. 
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HCMOS family characteristics FAMILY 
SPECIFICATIONS 


DC CHARACTERISTICS FOR 74HCU 


Voltages are referenced to GND (ground = 0 V) 


SYMBOL| PARAMETER 


Vi HIGH level input voltage 


prsrsiraccemeeewetaas (°C) TEST | TESTCONDITIONS —_| 
a ee 
UNIT ~ Vi OTHER 
—40 to +85 0 to +125 


© 
ew 


So 
ice) 


So ares 
> Db nN 


LOW level input voltage 


HIGH level output voltage 
HIGH level output voitage 
LOW level output voltage 


LOW level output voltage 


input leakage current 


quiescent supply current 


Sia Gana = 
MN | HO 
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FAMILY 
SPECIFICATIONS 


AC CHARACTERISTICS FOR 74HC 
GND =0V;t, = t¢=6 ns; C, = 50 pF 


74HC 
SYMBOL | PARAMETER 


tTHL/ output transition time Ts 110 
tTLH standard outputs i 
75 
tTHL/ e 
tTLH 
us 13 


AC CHARACTERISTICS FOR 74HCU 


TEST CONDITIONS 


Voc WAVEFORMS 


re Figs 3 and 4 
6.0 
2.0 
4.5 Figs 3 and 4 
6.0 


oo TEST CONDITIONS 
74HCU eae 
SYMBOL | PARAMETER ) Veo WAVEEORME 
lend eos —40 to+85 | —40 to +125 ; 


output transition time 


output transition time 
bus driver outputs 


GND =0V;t, =t¢=6 ns; Cy = 50 pF 


AC CHARACTERISTICS FOR 74HCT 


GND = 0 V; ty = t¢ = 6 ns; CL = 50 pF 


pram rns (°C) TEST CONDITIONS 
pao 
SYMBOL | PARAMETER UNIT Vee WAVEFORMS 
—40 to +85 | 40 t0 +125 | to +125 
f [a 


tTHL/ output transition time 

standard outputs 22 4. a Figs 8 and 9 

tTH THU output transition time | 
THU bus driver outputs Figs 8 and9 
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HCMOS family characteristics 


HCU TYPES 
AC WAVEFORMS 74HCU 


OUTPUT 


‘TH! I~ Se eT EH 


7291267.1 


Fig. 1 Input rise and fall times, transition times and propagation 
delays for combinatorial logic ICs. 


TEST CIRCUIT FOR 74HCU 


PULSE 
GENERATOR 


7287476 


Fig. 2 Test circuit. 
Definitions for Fig. 2: 


load capacitance including jig and probe capacitance 
(see AC CHARACTERISTICS for values). 

termination resistance should be equal to the output 
impedance Zo of the pulse generator. 


FAMILY 
SPECIFICATIONS 


HC TYPES 
AC WAVEFORMS 74HC 


OUTPUT 


‘THES! Ie er ee OTe 


7291267.1 


Fig. 3 Input rise and fall times, transition times and propagation 
delays for combinatorial logic ICs. 


AC WAVEFORMS 74HC 


OUTPUT 


Voc 


GND 
7281269.1 


Fig. 4 Set-up times, hold times, removal times, propagation 
delays and the maximum clock pulse frequency for sequen- 
tial logic ICs. 


Notes to Fig. 4 


1. In Fig. 4 the active transition of the clock is going from LOW- 
to-HIGH and the active level of the forcing signals (SET, RESET 
and PRESET) is HIGH. The actual direction of the transition of 
the clock input and the actual active levels of the forcing signals 
are specified in the individual device data sheet. 


2. For AC measurements: t, = t¢ = 6 ns; when measuring fmax, 
there is no constraint on t,, tg or pulse width. 
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SPECIFICATIONS 


FAMILY 


HC TYPES (continued) 


TEST CIRCUIT FOR 74HC 


PULSE 
GENERATOR 


7Z87475 


Fig. 5 Test circuit. 
Definitions for Fig. 5: 


C, = load capacitance including jig and probe capacitance 
(see AC CHARACTERISTICS for values). 

Ry termination resistance should be equal to the output 
impedance Zp of the pulse generator. 
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OUTPUT 
ENABLE 


OUTPUT 
LOW-to-OFF 
OFF -to-LOW 


OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 


outputs - »|4— outputs “__p}<.—. outputs 
7Z91261.1 enabled disabled enabled 


Fig. 6 Propagation delays of 3-state outputs. 


PULSE 
GENERATOR 


Switch position _ 


SWITCH: 


Note to switch position table 


For open-drain N-channel outputs tp, 7 and tpz, are applicable. 
Fig. 7 Test circuit for 3-state outputs. 


Definitions for Fig. 7: 


load capacitance including jig and probe capacitance 
(see AC CHARACTERISTICS for values). . 
termination resistance should be equal to the output 
impedance Zp, of the pulse generator. . 


HCMOS family characteristics 


HCT TYPES 
AC WAVEFORMS 74HCT 


7291286.1 


Fig. 8 Input rise and fall times, transition times and propagation 
delays for combinatorial logic ICs. 


AC WAVEFORMS 74HCT 


OUTPUT 


SET, 
RESET, 
PRESET 


(INPUT GND 


7Z291258.1 
Fig. 9 Set-up times, hold times, removal times, propagation 
delays and the maximum clock pulse frequency for sequen- 
tial logic ICs. 


Notes to Fig. 9 


1. In Fig. 9 the active transition of the clock is going from LOW- 
to-HIGH and the active level of the forcing signals (SET, RESET 
"and PRESET) is HIGH. The actual direction of the transition of 
the clock input and the actual active levels of the forcing signals 
are specified in the individual device data sheet. 


2. For AC measurements: t, = ts = 6 ns; when measuring fmax, 
there is no constraint on t,, t¢ or pulse width. 


FAMILY 
SPECIFICATIONS 


TEST CIRCUIT FOR 74HCT 


PULSE 
GENERATOR 


7287476 
Fig. 10 Test circuit. 


Definitions for Fig. 10: 


C, = load capacitance including jig and probe capacitance 
(see AC CHARACTERISTICS for values). 

Ry termination resistance should be equal to the output 
impedance Zp of the pulse generator. 
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FAMILY — 
SPECIFICATIONS 


HCT TYPES (continued) 
AC WAVEFORMS 74HCT (continued) 


OUTPUT 
ENABLE 


OUTPUT 
LOW-to-OFF 
OFF-to-LOW 


OUTPUT 
HIGH -to-OFF 
OFF -to-HIGH 


outputs —»/.¢——_._ outputs 
7291260.1 enabled disabled _ enabled 


Fig. 11 Propagation delays of 3-state outputs. 


SWITCH 


GND 


Voc 
GND 


Voc 


Note to switch position table 


For open-drain N-channel outputs tp, 7 and tpz, are applicable. 
Fig. 12 Test circuit for 3-state outputs. 
Definitions for Fig. 12: 


C, = load capacitance including jig and probe capacitance 
(see AC CHARACTERISTICS for values). 

Ry = termination resistance should.be equal to the output 
impedance Z, of the pulse generator. 
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HCMOS family characteristics 


INTRODUCTION 


The HCMOS HC/HCT/HCU data sheets have been configured for 
quick usability. 


They are self-contained and should require minimum reference to 
other sections for amplifying information. 


For examples of AC waveforms and test circuits see section "FAMILY 
CHARACTERISTICS’. 


TYPICAL PROPAGATION DELAY AND FREQUENCY 


The typical propagation delays listed at the top of the data sheets are 
the average between tp,,, and tp, for the most significant data path 
through the part with a 15 pF load. 


Incase of clocked products, this is sometimes the maximum frequency 
of operation. In any event, this number is under the operating con- 
ditions of Vog = 5.0V and Tamp = 25 °C. 


For the typical operating frequency this is the maximum device 
operating frequency with 50% duty factor and no constraints on t, and 
ty. 


LOGIC SYMBOLS 


There are two types of logic symbols. The conventional one, "Logic 
Symbol”, explicitly shows the internal logic (except for complex logic). 
The other is "IEC Logic Symbol” as developed by the IEC (International 
Electrotechnical Commission). 


IEC has been developing a very powerful symbolic language that can 
show the relationship of each input of a digital logic circuit to each 
output without explicitly showing the internal logic. Internationally, 
Working Group 2 of IEC Technical Committee TC-3 has prepared a 
new document (Publication 617-12) that consolidates the original 
work started in the mid-1960’s and published in 1972 (Publication 
117-15), and the amendments and supplements that have been 
followed. 


RATINGS 


The "RATINGS" table (Limiting values in accordance with the Absolute 
Maximum System - IEC134) carries the maximum limits to which the 
device can be subjected without damaging it; there is no implication 
that the device will function at these extreme conditions. Thus, 
specifications such as the most negative voltage that may be applied 
to the outputs only guarantees that if less than -0.5 V is applied to the 
output pin, after that voltage is removed, the device will still be 
functional and its useful life will not have been shortened. The maximum 
rated supply voltage of 7 V is well below the typical breakdown voltage 
of 18 V. The DC input and output diode currents are often referred to, 
that at these values no latch-up of the devices occur. 


RECOMMENDED OPERATING CONDITIONS 


The "RECOMMENDED OPERATING CONDITIONS’ table has a dual 
purpose. In one sense, it sets some environmental conditions (oper - 
ating free-air temperature), andin another, it sets the conditions under 
which the limits set forth in the "DC CHARACTERISTICS” table and the 
"AC CHARACTERISTICS” table will be met. Another way of looking at 
this table is to think of it not as a set of limits guaranteed by the 
manufacturer, but as the conditions used to test the parts and 
guarantee that they will then meet the limits set forth in the DC and AC 
CHARACTERISTICS tables. 


_DATA SHEET 
SPECIFICATION 
GUIDE 


DC CHARACTERISTICS 


This table reflects the DC limits used during the testing operations. The 
input threshold values of V,,, and V, can be tested by the user with 
parametric test equipment; if V,, and V,, are applied to the inputs, the 
outputs will be at the voltages guaranteed by the "DC CHARACTERIS- 
TICS” table. There is a tendency on the part of some users to use V,, 
and V, as conditions applied to the inputs to test the device for 
functionality in a "function-table exercizer” mode. This frequently 
causes problems because of the noise present at the test head of 
automated test equipment. Parametric tests, such as those used for 
the output levels under the V,,, and V;, conditions are done fairly slowly, 
on the order of milliseconds, and any noise present at the inputs has 
settled out before the outputs are measured. But in functionality 
testing, the outputs are examined much faster, before the noise on the 
inputs has settled out and the device has assumed its final and correct 
output state. Thus, V,,, and V,, should never be used in testing the 
functionality of any HCMOS device type. For these types of tests, input 
voltages of Vcc and 0 V should be used for the HIGH and LOW states, 
respectively. 


In no way does this imply that the devices are noise sensitive in the final 
system. The use of "hard’ HIGHs and LOWs during functional testing 
is done primarily to reduce the effects of the large amounts of noise 
typically present at the test heads of automated test equipment with 
cables that may at times reach one meter or more. 

The situation in a system on a PC-board is less severe than in a 
noisy production environment. 


Compared to TTL no output HIGH short-circuit current is specified. — 


The intention of this current, e.g., for calculating propagation delays 
under capacitive load conditions, is fully covered by the HCMOS output 
drive graphs and propagation delay increase versus load capacitance. 


The quiescent supply current is the leakage current of all the reversed 
biased diodes and the OFF -state MOS transistors and is tested with 
the input at Vcc or GND. Its value is typically in the low nA region. 


AC CHARACTERISTICS 


The "AC CHARACTERISTICS” table contains the guaranteed limits 
when tested under the conditions set forth in the AC Test Circuits and 
Waveforms section. 


TEST CIRCUITS AND WAVEFORMS 


For CMOS no load resistor to Vcc or GND is applied, because CMOS 
inputs draw only a negligible amount of input leakage current. Also for 
HCT outputs, which reference level is the LSTTL established value of 
1.3 V, a resistive load is not applied. In case of real TTL loads, the 
LOW-to- HIGH propagation delay is decreased marginally and the 


HIGH-to-LOW propagation delay will increase marginally due to the 
active DC TTL input current. 


The test circuit for 3- state outputs is self explanatory. Special attention 
needs the disable time definition in the waveforms. 


As shown in Fig. 6 (section "FAMILY CHARACTERISTICS” - AC 
WAVEFORMS for 74HC), the disable times are measured at the point 
where the output voltage has risen or fallen by 10% of the voltage swing. 


Since the rising or falling waveform is RC-controlled, the 10% of 
change is more linear and is less susceptible to external and circuit 
influences. 
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TEST CIRCUIT AND WAVEFORMS (continued) 


More importantly, from the system designer's point of view, 10% is 
adequate to ensure that a device output has turned OFF. It also gives 
system designers more realistic delay times to use in calculating 
minimum cycle times. To study the break before make characteristic 
the user may substract the 10% RC-time, being 5 ns, from the values 
given in the data sheet, in order to know the real internal disable 
propagation delay. . 


Good, high-frequency wiring practices should be used in constructing 
test jigs. Leads on the load capacitor should be as short as possible to 
minimize ripples on the output waveform transitions and to minimize 
undershoot. Generous ground metal (preferably a ground plane) 
should be used for the same reasons. A Voc bypass capacitor should 
be provided at the test socket, also with minimum lead lenghts. Input 
signals should have rise and fall times of 6 ns, a signal swing of 0 V to 
Voc for HC andO Vto3 Vfor HCT, 1.0 MHz square wave is recommend- 
ed for most propagation delay tests. The repetition rate must neces- 
sarily be increased for testing fina,. Two pulse generators are usually 
required for testing such parameters as set-up time, hold time, 
removal time, ect. fm, is also tested with 6 ns input rise and fall times, 
and a repetition time, with a 50% duty factor, but for typical f,,,, as high 
as 60 MHz, there are no constraints on rise and fall times. 
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HCMOS family characteristics 


DEFINITIONS OF SYMBOLS AND TERMS USED IN 
HCMOS DATA SHEETS 


Currents 


Positive current is defined as conventional current flow 
into a device. 

Negative current is defined as conventional current flow 
out of a device. 


Quiescent power supply current; the current flowing into 


the Voc supply terminal. 

Alec Additional quiescent supply current per input pin at a 
specified input voltage and Voc. 

lenp Quiescent power supply current; the current flowing into 
the GND terminal. 

I, Input leakage current; the current flowing into a device at a 
specified input voltage and Voc. 

lik Input diode current; the current flowing into a device at a 
specified input voltage. 

lo Output source or sink current; the current flowing into a 
device at a specified output voltage. 

lox Output diode current; the current flowing into a device at a 
specified output voltage. 

loz OFF -state output current; the leakage current flowing into 
the output of a 3-state device in the OFF -state, when the 
output is connected to Voc or GND. 

Is Analog switch leakage current; the current flowing into an 
analog switch at a specified voltage across the switch and 
Voc: 

Voltages 


All voltages are referenced to GND (ground), which is typically 0 V. 


GND 


Supply voltage; for a device with a single negative power 
supply, the most negative power supply, used as the 
reference level for other voltages; typically ground. 


Supply voltage; the most positive potential on the device. 


Supply voltage; one of two (GND and V_-) negative power 


supplies. 
Hysteresis voltage; difference between the trigger levels, 


when applying a positive and a negative- going input signal. 


HIGH level input voltage ; the range of input voltages that 
represents a logic HIGH level in the system. 


LOW level input voltage; the range of input voltages that 
represents a logic LOW level in the system. 


HIGH level output voltage ; the range of voltages at an 
output terminal with a specified output loading and supply 
voltage. Device inputs are conditioned to establish a HIGH 
level at the output. 


Vor 


Vr+ 


Vr. 


DEFINITIONS 
OF SYMBOLS 


LOW level output voltage; the range of voltages at an output 
terminal with a specified output loading and supply voltage. 
Device inputs are conditioned to establish a LOW level at 
the output. 


Trigger threshold voltage; positive- going signal. 


Trigger threshold voltage; negative- going signal. 


Analog terms 


Ron ON-resistance; the effective ON-state resistance of an 
analog switch, at a specified voltage across the switch and 
output load. 

ARon AON-resistance:; the difference in ON-resistance between 
any two switches of an analog device at a specified voltage 
across the switch and output load. 

Capacitances 

C, Input capacitance; the capacitance measured at a terminal 
connected to an input of a device. 

Cio Input/Output capacitance; the capacitance measured at a 
terminal connected to an I/O-pin (e.g. a transceiver). 

Cc. Output load capacitance; the capacitance connected to an 
output terminal including jig and probe capacitance. 

Cpp Power dissipation capacitance; the capacitance used to 
determine the dynamic power dissipation per logic func- 

. tion, when no extra load is provided to the device. 
Cy Switch capacitance; the capacitance of a terminal to a 


switch of an analog device. 


AC switching parameters 


fi 


fmax 


th 


ty 


Input frequency; for combinatorial logic devices the maxi- 
mum number of inputs and outputs switching in accordan- 
ce with the device function table. For sequential logic 
devices the clock frequency using alternate HIGH and LOW 
for data input or using the toggle mode, whichever is 
applicable. 


Output frequency; each output. 


Maximum clock frequency; clock input waveforms should 
have a 50% duty factor and be such as to cause the outputs 
to be switching from 10%V¢¢- to 90%V¢_ in accordance with 
the device function table. 


Hold time; the interval immediately following the active 
transition of the timing pulse (usually the clock pulse) or 
following the transition of the control input to its latching 
level, during which interval the data to be recognized must 
be maintained at the input to ensure their continued recog- 
nition. A negative hold time indicates that the correct logic 
level may be released prior to the timing pulse and still be 
recognized. 


Clock input rise and fall times; 10% and 90% values. 
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AC switching parameters (continued) 


teHL 


teLH 


tez 


teiz 


tpzH 


tezi 


trem 


Propagation delay; the time between the specified refer- 
ence points, normally the 50% points for PC54/74HC and 
PC54/74HCU devices on the input and output waveforms 
and the 1,3 V point for the PC54/74HCT devices, with the 
output changing from the defined HIGH level to the defined 
LOW level. 


Propagation delay; the time between the specified refer- 
ence points, normally the 50% points for PC54/74HC and 
PC54/74HCU devices on the input and output waveforms 
and the 1,3 V point for the PC54/74HCT devices, with the 
output changing from the defined LOW level to the defined 
HIGH level. 


3-state output disable time; the time between the specified 
reference points, normally the 50% points for the PC54/ 
74HC and PC54/74HCU devices and the 1,3 V points for the 
PC54/74HCT devices on the output enable input voltage 
waveform anda point representing 10% of the output swing 
on the output voltage waveform of a3- state device, with the 
output changing from a HIGH level (Vo) to a high imped- 
ance OFF -state (Z). 


3-state output disable time; the time between the specified 
reference points, normally the 50% points for the PC54/ 
74HC and PC54/74HCU devices and the 1,3 V points for the 
PC54/74HCT devices on the output enable input voltage 
waveform anda point representing 10% of the output swing 
on the output voltage waveform of a 3- state device, with the 
output changing from a LOWlevel (Vo, ) toahigh impedance 
OFF -state (Z). 


3-state output enable time; the time between the specified 
reference points, normally the 50% points for the PC54/ 
74HC devices and the 1,3 V points for the PC54/74HCT 
devices on the output enable input voltage waveform and 
the 50% point on the output voltage waveform of a 3-state 
device, with the output changing from a high impedance 
OFF -state (Z) to a HIGH level (Voy). 


3-state output enable time; the time between the specified 
reference points, normally the 50% points for the PC54/ 
74HC devices and the 1,3 V points for the PC54/74HCT 
devices on the output enable input voltage waveform and 
the 50% point on the output voltage waveform of a 3- state 
device, with the output changing from a high impedance 
OFF - state (Z) to a LOW level (Vo,). 


Removal time; the time between the end of an overriding 
asynchronous input, typically a clear or reset input, and the 
earliest permissible beginning of a synchronous control 
input, typically a clock input, normally measured at the 50% 
points for PC54/74HC and PC54/74HCU devices and the 
1,3V points for the PC54/74HCT devices on both input 
voltage waveforms. 


Set-up time; the interval immediately preceding the active 
transition of the timing pulse (usually the clock pulse) or 
preceding the transition of the control input to its latching 
level, during which interval the data to be recognized must 
be maintained at the input to ensure their recognition. A 
negative set-up time indicates that the correct logic level 
may be initiated sometime after the active transition of the 
timing pulse and still be recognized. 
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tri 
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Output transition time; the time between two specified 
reference points on a waveform, normally 90% and 10% 
points, that is changing from HIGH-to- LOW. 


Output transition time; the time between two specified 
reference points on a waveform, normally 10% and 90% 
points, that is changing from LOW-to- HIGH. 


Pulse width; the time between the 50% amplitude points on 
the leading and trailing edges of a pulse for PC54/74HC and 
PC54/74HCU devices and at the 1,3 V points for PC54/ 
74HCT devices. 
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PACKAGE 
OUTLINES 


14-LEAD DUAL IN-LINE; PLASTIC (SOT-27) 


19,5 max 


seating plane 


ld 
— ae Pome reece corscee Prat DORN Dna | 


1,73 max 


QB Positional accuracy. 
a (M) Maximum Material Condition. 
(1) Centre-lines of all leads are 
within £0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


Lead spacing tolerances apply 
from seating plane to the line 


Dimensions in mm et 
indicated. 


16-LEAD DUAL IN-LINE; PLASTIC (SOT-38Z) 


19,5 max 


seating plane 


ges 


2,54) : 62 
10 
8,3 


; ‘ 1 t ‘ i ' 
% 


——— 
7273586.2 


—+—____—— 
1,4 max 


B Positional accuracy. 
() Maximum Material Condition. 


(1) Centre-lines of all leads are 
within 0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


lead 1 indication (either index or sign) 


top view 
Lead spacing tolerances apply 
from seating plane to the line 


Dimensions i indi 
mensions in mm indicated. 
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20-LEAD DUAL IN-LINE; PLASTIC (SOT-146) 


+— 8,25 max———> 


seating plane 


J 
(253) 


1 ' , i 1 t 
x 
7283901.3 
a Positional accuracy. 


(mM) Maximum Material Condition. 


top view ; 
(1) Centre-lines of all leads are 


within +0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


Lead spacing tolerances apply 
Dimensions in mm from seating plane to the line 
indicated. 


30 October 1985 


PACKAGE 
OUTLINES 


14-LEAD MINI-PACK; PLASTIC (SO-14; SOT-108A) 


8,75 et: 
8,55 puimensesiuaeat 


| ! — 


top view 


Dimensions in mm 


qf} Positional accuracy. 


(mM) Maximum Material Condition. 


top view 


Dimensions in mm 


Oo Positional accuracy. 


(mM) Maximum Material Condition. 
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20-LEAD MINI-PACK; PLASTIC (SO-20; SOT-163A) 


7283897.2 


Dimensions in mm 


B Positional accuracy. 


(M) Maximum Material Condition. 
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QUAD 2-INPUT NAND GATE 


FEATURES 


@ Level shift capability 

® Output capability: standard 
(open drain) 

@ Icc category: SSI 


GENERAL DESCRIPTION 


The 74HC/HCTO3 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCTO03 provide the 
2-input NAND function. 


The 74HC/HCT03 have open-drain N- 
transistor outputs, which are not 
clamped by a diode connected to Vcc. 
In the OF F-state, i.e. when one input 

is LOW, the output may be pulled to any 
voltage between GND and Vomax. This 
allows the device to be used as a 
LOW-to-HIGH or HIGH-to-LOW level 
shifter. For digital operation and 
OR-tied output applications, these 
devices must have a pull-up resistor 

to establish a logic HIGH level. 


7293392 


Fig. 1 Pin configuration. 


PC74HC/HCT03 
SSI 


SYMBOL PARAMETER 


tpZL/ 
PLZ 
power dissipation 


GND = OV; Tamb = 25 °C; ty = te = 6 ns 


propagation delay 


notes 1, 2 
and 3 


Notes 
1. Cpp is used to detemine the dynamic power dissipation (Pp in uW): 


PD = Cpo x Vcc? x fj + 2 (CL x Voc? x fo) + 


+ © (VoQ?/R,_) duty factor LOW where: 
f; = input frequency in MHz Ci = output load capacitance in pF 
fg = output frequency in MHz Vcc = supply voltage in V 
Vo = output voltage in V Ri = pull-up resistor in MQ 
(Ci x Vcc? x fg) = sum of outputs 
~ (Vo?/R_,) = sum of outputs 
2. For HC the condition is Vj = GND to Vcc © 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


3. The given value of Cpp is obtained with: 
Cy = OpF and Rj =e 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCTO3P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCTO3T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


|PINNO. SYMBOL NAME AND FUNCTION 


1,4, 9, 12 1Ato4A data inputs 
2, 5, 10, 13 1B to 4B data inputs 
3, 6, 8, 11 1Y to4Y data outputs 


GND ground (0 V) 


positive supply voltage 


7 
14 


7293394 
7293397 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT03 
SSI 


FUNCTION TABLE 


INPUTS OUTPUT 


GND 
7293396 


Fig. 5 Logic diagram H = HIGH voltage level 
(one gate). . L = LOW voltage level 
Z = high impedance OF F-state 


7293397 


Fig. 4 Functional diagram. 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages are referenced to GND (ground = 0 V) 
UNIT | CONDITIONS 


SYMBOL | PARAMETER _ 
race for Vj <-O.5V or Vj >Vec +05 V 


< 


PK | DC input diode current 
| lok DC output diode current 


DC output source or sink 
current 
tlcc: DC VCC or GND current 
+IGND 


FE eam bar fear 


for temperature range; —40 to +85 °C 
74HC/HCT 


Prot power dissipation per package 
plastic DIL 
plastic mini-pack (SO) 


power dissipation per package for temperature range; —40 to +125 °C 


74HC/HCT 


plastic DIL 


plastic mini-pack (SO) 
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Quad 2-input NAND gate 


SSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications”, except that the Voy values 
are not valid for open drain. They are replaced by Iq} as given below. 


Output capability: standard (open drain), excepting Voy 
Icc category: SSI 


Voltages are referenced to GND (ground = 0 a cae 


a Nem (°C) TEST CONDITIONS 
pate 
SYMBOL | PARAMETER UNIT eo Vi OTHER 
[¥25 | -a0v005 | —a010 426 
| min.| typ. | max. | min.| max, | min, | max. 
2.0 
HIGH level output ; = 
samme’ || fos | fee | [ree foe 8 ve [vere 


AC CHARACTERISTICS FOR 74HC 


GND = 0 V; t, = te = 6 ns; C) = 50 pF 


pam O) (° pam O) TEST CONDITIONS 
PAH 

SYMBOL | PARAMETER UNIT a WAVEFORMS 

og See “aoe +05 | —a0%0 125 

ii |, | me. | ei] | nn | | 

: 100 
tezL/ propagation delay 20 re Fig. 6 
PLZ nA, nB to nY 17 6.0 
75 : 

tTHL : ig. 


output transition time 


PC74HC/HCTO3 


October 1985 


37 


PC74HC/HCT03 
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DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’’, section ‘‘Family specifications’, except that the Vo} values 
are not valid for open drain. They are replaced by IQ}, as given below. 


Output capability: standard (open drain), excepting Voy 
lcc category: SSI 


Voltages are referenced to GND (ground = 0 fneeeciemeeers nn 


SYMBOL | PARAMETER 
—40 to +85 }—40t0 +125 | +125 


PS eS 


on |S level output 
leakage current 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT COEFFICIENT 
fnanB | 10 


AC CHARACTERISTICS FOR 74HCT 


Voltages are referenced to GND (ground = 0 V) 


SYMBOL | PARAMETER 


tpz./ propagation delay 
tpLZ nA, nB, to nY 
erat fovwuteanonsing | 


TEST CONDITIONS 


UNIT |Vcc | WAVEFORMS 


| 425 | Ho to +85 40 to +125 
aes ma, io 
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Quad 2-input NAND gate 


AC WAVEFORMS 


nA,nB INPUT = yy, 


n¥Y OUTPUT 


7293393 trHi> 


Fig. 6 Waveforms showing the input (nA, nB) to 
output (nY) propagation delays and the output 
transition times. 


TEST CIRCUIT AND WAVEFORMS 


NEGATIVE 
(INPUT 
PULSE 


PULSE 
GENERATOR 
POSITIVE 


7293398 , ‘ mw INPUT 
PULSE 


Fig. 7 Test circuit (open drain) 


Definitions for Figs. 7 and 8: 


Ci = load capacitance including jig and 
probe capacitance 


PC74HC/HCT03 
SSI 


Note to AC waveforms 
(1) HC : Vay = 50%; V) = GND to Vcc. 
HCT: Vy =1.3V; Vj =GND to 3V. 


AMPLITUDE 


AMPLITUDE 


OV 


72Z87476.3 


(see AC CHARACTERISTICS for 

values). 

termination resistance should be equal Demy et lonciese rere at 

to the output impedance Zo of the PULSE WIDTH 
pulse generator. 

t¢ = 6 ns; when measuring fray, there 74HC V <2ns 

is no constraint on t,, t¢ or pulse CC 

width. 74HCT 3.0 V <2ns 
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HEX INVERTER 


FEATURES 


@ Output capability: standard 
® Icc category: SSI 


GENERAL DESCRIPTION 


The 74HCU04 is a high-speed 

Si-gate CMOS device and is pin 
compatible with low power Schottky 
TTL (LSTTL). It is specified in 


compliance with JEDEC standard no. 7. 


The 74HCU04 is a general purpose 
hex inverter. Each of the six inverters is 
a single stage. 


FUNCTION TABLE 


INPUT OUTPUT 


oe 
L H 
H L 


H = HIGH voltage level 
L = LOW voltage level 


7Z87405.1 


Fig. 1 Pin configuration. 


PC74HCU04 


SSI 
SYMBOL PARAMETER 


TYPICAL 
tPLH nA to nY 
fe [moses | | 
power dissipation jrowstana2 | 10 | pF 


Capacitance per inverter 


CONDITIONS 


GND = 0 V; Tamb = 25 °C; t, = tz = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL x Vcc? x fo) where: 


fj = input frequency in MHz Ct = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
x (Ci x Vcc? x fy) = sum of outputs 


2. Vv} = GND to VCC 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HCU04P: 14-lead DIL; plastic (SOT-27). 
PC74HCU04T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


FPINNO. | SYMBOL NAME AND FUNCTION 


data inputs 


data outputs 


ground (0 V) 
positive supply voltage 


7290947 


Fig. 3 IEC logic symbol. 


Fig. 2 Logic symbol. 
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PC74HCU04 
SSI 


Vec 


100 2 1702 
nA 


7293835 


7287406.1 


Fig. 5 Schematic diagram 
(one inverter). 


Fig. 4 Functional diagram. 
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Hex inverter PC74HCU04 
SS! 


DC CHARACTERISTICS FOR 74HCU 


Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) TEST CONDITIONS 
74HCU 


SYMBOL | PARAMETER 
-40 to +85 | -40 to +125 V 
2.0 
V 4.5 
6.0 | 
2.0 
V 4.5 
6.0 


1.7 
VIH HIGH level input voitage 3.6 
4.8 


VIL LOW level input voltage 


—_ 
NO 


i tee 
< 
= 2 


VOH HIGH level output voltage 


VOH HIGH level output voltage 


VOL LOW level output voltage 


-oo 
© Ww 


lo =4.0mA 


VOL LOW level output voltage Io = 5.2mA 


+l; input leakage current 


quiescent supply current 


St we aS rae 
8&8 ag aw 
o : 
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PC74HCU04 
ssi 


AC CHARACTERISTICS FOR 74HCU 
GND = 0 V;t, = t¢= 6 ns; Cy = 50 pF 


Tamb (°C) | TEST CONDITIONS 


74HCU 
SYMBOL | PARAMETER UNIT | Vcc} WAVEFORMS 
propagation delay tp a a 
nA tony 12 15 6.0 
75 2.0 
output transition time 15 4.5 
13 6.0 


AC WAVEFORMS 


nA INPUT 


nY OUTPUT 


7290949 


Fig. 6 Waveforms showing the data input (nA) 
to. data output (nY) propagation delays and the me 
output transition times. Note to AC waveforms 


(1) Viv = 50%; V; = GND to Vcc. 


TYPICAL TRANSFER CHARACTERISTICS 


72909561 


—— Vo; — — — — |p (drain current) —— Vo:-— ——— |p (drain current) Vo:- — Ip (drain current) 
Io = 0; Vee =6.0V. lo = 0; Vec = 4.5 V. Io = 0; Veg = 2.0V: 
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Hex inverter PC74HCU04 
SSI 


7293708 


output | 100uF 


i,™~ 
(f= 1kHz) 2 


GND 
7293325 


eRe ERESEE 
0 1 2 3 4 na 6 
Fig. 10 Test set-up for measuring forward Fig. 11 Typical forward transconductance gfs 


transconductance gf, = dig/dvj at as a function of the supply voltage Vcc at 
Vo is constant (see also graph Fig. 11). Tamb = 25 OC. 


APPLICATION INFORMATION 


Some applications for the ‘‘HCU04” are: 


@ In crystal oscillator designs 
(see chapter ‘‘Application information”). 


@ Linear amplifier (see Fig. 12). 


7293707 


Fig. 12 HCU04 used as a linear amplifier. 


Note to Fig. 12 
ZL >10 kQ; Au max = 20 (typ.) 


R2 
Where: Ay = — Ri VO max (p-p) * Vec —2 V 


centered at 4 Vcc 
10k2 <R1, R2<1 MQ 


Typical unity gain bandwidth product is 3 MHz. 
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QUAD 2-INPUT AND GATE 


FEATURES 


@ Output capability: standard 
® Icc category: SSI 


GENERAL DESCRIPTION 


The 74HC/HCTO8 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 
The 74HC/HCTO08 provide the 2-input 
AND function. 


7Z93600 


Fig. 1 Pin configuration. 


PC74HC/HCT08 
SS! 


TYPICAL 


UNIT 


SYMBOL PARAMETER CONDITIONS 

tpy,/ propagation delay 

tPLH nA, nB to nY 
ee 
power dissipation 

capacitance per gate 


GND = OV; Tampb = 25 °C; t, = te = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fi + = (CL x VCC? x fo) where: 
fj = input frequency in MHz CL 
fo = output frequency in MHz 
2 (Cy x Vec? x fo) = sum of outputs 


2. For HC thecondition is Vj} =GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


= output load capacitance in pF 
VCC = supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC47HC/HCTO8P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCTO8T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


INNO. | SYMBOL NAME AND FUNCTION 


1,4,9, 12 1A to 4A 
2,5, 10, 13 1B to 4B 
3, 6,8, 11 1Y to 4Y 
7 GND 
14 Voc 


data inputs 

data inputs 

data outputs 

ground (0 V) 

positive supply voltage 


7293601 
7293603 


Fig. 2 Logic symbol. 


Fig. 3 IEC logic symbol. 
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PC74HC/HCT08 
SSI 


Dp 
7293634 


7293604 


"7293603 nas 
Fig. 6 HCT logic diagram 
Fig. 4 Functional diagram. Fig. 5 HC logic diagram (one gate). _ {one gate). 


FUNCTION TABLE 


INPUTS OUTPUT 


HIGH voltage level 
LOW voltage level 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section ‘Family specifications”. 


Output capability: standard 
Icc category: SSI 


AC CHARACTERISTICS FOR 74HC 


GND = OV; t, = tp =6 ns; Cy = 50 pF 


TEST CONDITIONS 
Vcc | WAVEFORMS 
propagation delay — Fig. 7 
nA, nB to nY , a 
. 6.0 
2.0 : 
4.5 Fig. 7 
6.0 
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Quad 2-input AND gate PC74HC/HCT08 
 SSi 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ““HCMOS family characteristics”, section ‘Family specifications’’. 


Output capability: standard 
Icc category: SSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT COEFFICIENT 


AC CHARACTERISTICS FOR 74HCT 


GND=OV;t,=t¢=6 ns; C, = 50 pF 


Tamb (°C) | TEST CONDITIONS 


| 74HCT | 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
Tas Yao v08 [aw v6] NT | YG 
maton 


tpHL/ propagation delay 
tTHL/ output transition time | Fig. 7 
= 


AC WAVEFORMS 


nA, nB INPUT 


nY OUTPUT 


7Z93602 ‘THe 


Fig. 7 Waveforms showing the input (nA, nB) NOU AG wevetorms 
to output (nY) propagation delays and the (1) HC : Vag = 50%; V; = GND to Vcc. 
output transition times. HCT: Vy = 1.3V; Vj = GND to 3V. 
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TRIPLE 3-INPUT NAND GATE 


FEATURES 


@ Output capability: standard 
® icc category: SSI 


GENERAL DESCRIPTION 


The 74HC/HCT 10 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 


compliance with JEDEC standard no. 7. 


The 74HC/HCT10 provide the 3-input 
NAND function. 


7293366 


Fig. 1 Pin configuration. 


PC74HC/HCT10 
SSI 


SYMBOL PARAMETER CONDITIONS 
tpHL/ propagation delay Cy = 15 pF 
tPLH nA, nB, nC to nY 


Veco =5V 
[ef mene —f 
GND = 0 V; Tampb = 25 °C; ty = te = 6 ns 


power dissipation 
capacitance per gate notes 1 and 2 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fj + = (CL x Vcc? x fo) where: 
fj = input frequency in MHz CL output load capacitance in pF 


fo = output frequency in MHz VCC = supply voltage in V 
~ (CL x Vcc? x fo) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT10P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT10T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


|PINNO, SYMBOL NAME AND FUNCTION 


1,3,9 1A to 3A 
2, 4, 10 1B to 3B 
13, 5, 11 1C to 3C 
12, 6,8 1¥ to 3Y 


data inputs 

data inputs 

data inputs 

data outputs 

ground (0 V) 

positive supply voltage 


7 GND 
14 Vcc 


7293367 
7293368 


Fig. 2 Logic symbol. Fig. 3 1EC logic symbol. 
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PC74HC/HCT10 
Ssi 


FUNCTION TABLE 


INPUTS 


- OUTPUT 
| Y 


n 


Y 


7293369 | 


_— rree |g 
Lae See Pa sels 


7293368 


Fig. 4 Functional diagram. Fig. 5 Logic diagram (one gate). H = HIGH voltage level © 
L = LOW voltage level 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘“‘HCMOS family characteristics’’, section “Family specifications”. 
Output capability: standard 


Icc category: SSI 
AC CHARACTERISTICS FOR 74HC 
GND = OV; t, = te = 6 ns; Ci = 50 pF 


TEST CONDITIONS 


Vcc | WAVEFORMS 
Vv ~, 
2.0 


SYMBOL | PARAMETER UNIT 


propagation delay 
nA, nB, nC to nY 


output transition time 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family spécifications’’. 


Output capability: standard 
Icc category: SSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc¢ per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT COEFFICIENT 
3 ae 
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Triple 3-input NAND gate PC74HC/HCT10 
SSI 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; t, = te =6 ns; Cy = 50 pF 


a pam PC) C) TEST CONDITIONS 
eee 

SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
| 425 | a0 to+85 | —40to +125 


tpHi/ propagation delay 
tPLH nA, nB, nC to nY 
tTHL/ output transition time 
tTLH 


AC WAVEFORMS 


Note to AC waveforms 
(1) HC : Vi = 50%; V; = GND to Vee. 
HCT: Vy =1.3V; V; = GND to 3V. 


nA,nB, nC INPUT 


nY OUTPUT 


7293116 


Fig. 6 Waveforms showing the input (nA, nB, 
nC) to output (nY) propagation delays and the 
output transition times. 
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PC74HC/HCT14 
SSI 


HEX INVERTING SCHMITT TRIGGER 


FEATURES 

® Output capability: standard 
e lec category: SSI 
GENERAL DESCRIPTION 


The 74HC/HCT14 are high-speed Si-gate 
CMOS devices and are pin compatible 


with low power Schottky TTL (LSTTL). 


They are specified in compliance with 
JEDEC standard no. 7. 


The 74HC/HCT14 provide six inverting 
buffers with Schmitt-trigger action. 
They are capable of transforming slowly 
changing input signals into sharply 
defined, jitter-free output signals. 


7293643 


Fig. 1 Pin configuration. | 


TYPICAL 


SYMBOL | PARAMETER CONDITIONS els 
tpHL/ propagation delay Cy, = 15 pF 
tPpLH nA to nY Vec=5V 
ec EE 
power dissipation 


GND = 0 V; Tamb = 25 C; t, = t¢ = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fj + 2 (CL x VCC? x fo) where: 


fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
Z (Cy x Vcc? x fo) = sum of outputs 
2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT14P: 
PC74HC/HCT14T: 


14-lead DIL; plastic (SOT-27). 
14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


FPINNO. | SYMBOL NAME AND FUNCTION 


1,3, 5, 9, 11, 13)1A to 6A 
2,4, 6, 8, 10, 12;1Y to 6Y 


data inputs 

data outputs 

ground (0 V) 

positive supply voltage 


7293648 1ZRSGAT 


Fig. 3 IEC logic symbol. 


Fig. 2. Logic symbol. 
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PC74HC/HCT 14 
SSI 


7Z93645 


Fig. 5 Logic diagram (one Schmitt trigger). 


7293646 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


INPUT OUTPUT 


mf | 
L H 
H L 


H = HIGH voltage level 
L = LOW voitage level 


APPLICATIONS 


@ Wave and pulse shapers 
® Astable multivibrators 
@ Monostable multivibrators 


ae 
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Hex inverting Schmitt trigger PC74HC/HCT 14 
SSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘'HCMOS family characteristics’, section ‘‘Family specifications’. Transfer character- 
istics are given below. 


Output capability: standard 
Icc category: SSI 


Transfer characteristics for 74HC 
Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) TEST CONDITIONS 
74HC 
SYMBOL | PARAMETER UNIT WAVEFORMS 
jmin| typ. SS 


hysteresis (V7, — V7_) 


0.7 1.5 0.7 | 1.5 0.7 1.5 
VT+ positive-going threshold 1.7 3.15 | 1.7 | 3.15 | 1.7 3.15 | V Figs 6 and 7 
2.1 4.2 2.1 | 4.2 2.1 4.2 
0.3 1.0 0.3 0 0.3 
VT negative-going threshold 0.9 2.2 0.9 2 0.9 
1.2 3.0 1.2 1.2 
0.2 
VH 0.4 
0.6 


1.0 

2.2 V a Figs 6 and 7 
3.0 : 

Ea : Figs 6 and 7 


GND =O V;t, =t¢= 6 ns; Cy = 50 pF 
TEST CONDITIONS 


ee 
SYMBOL | PARAMETER UNIT ne WAVEFORMS 
~<a 40 to +85 | —40to ) 4010 +125. 
typ. 


‘ / Sede 125 155 es 
PHL inter iis once am 25 31 “i : Fig. 8 
tPLH nA, nB tonY 71 26 6.0 
Le 2.0 
tTLH 6.0 


oO s 

NO 
_— — — GR — 
OPO oO 
i \>) 

NO 


AC CHARACTERISTICS FOR 74HC 


output transition time 
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PC74HC/HCT 14 
SSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see ene “HCMOS family characteristics”, section ‘Family specifications’. Transfer character- 
istics are given below. 


Output capability: standard 
lec category: SSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT | COEFFICIENT 
fra fos 


Transfer characteristics for 74HCT 


Voltages are referenced to GND (ground = 0 V) 


SYMBOL | PARAMETER 


TEST CONDITIONS 


UNIT “ce WAVEFORMS 
—40to+85 | —40to +125 


in| ep. | max | in 
meomooroms (Aa | [at | 1a [at [12 [28 |v [88 | peor 
Vv : : 1.2 1.2 ' 
is negative-going threshold 14 14 V Figs 6 and 7— 


AC CHARACTERISTICS FOR 74HCT 


GND = 0 V;t, = ts = 6 ns; Ci = 50 pF 


SYMBOL | PARAMETER 


propagation delay 
nA, nB to nY 
output transition time 
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PC74HC/HCT14 
SSI 


Hex inverting Schmitt trigger 


TRANSFER CHARACTERISTIC WAVEFORMS 


~ Vu Lis Vv 


Vv Vv 
1 eel 7293338 


: ee 
7293339 


Fig. 7 Waveforms showing the definition of 
VT+4+, Vp — and Vy; where V7, and V7_ 
are between limits of 20% and 70%. 


Fig. 6 Transfer characteristic. 


AC WAVEFORMS: 


nA INPUT 


n¥Y OUTPUT 


7293644 


Fig. 8 Waveforms showing the input (nA, nB) to 

output (nY) propagation delays and the output Note to AC waveforms 

transition times. (1) HC : Vay = 50%; Vj = GND to Vcc. 
HCT: Vy = 1.3 V; Vj = GND to 3 V. 
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PC74HC/HCT125 
MSI 


QUAD BUFFER/LINE DRIVER; 3-STATE 


FEATURES 
@ Output capability: bus driver SYMBOL | PARAMETER 
® Icc category: MSI 


propagation delay 
GENERAL DESCRIPTION nAtonY 
The 74HC/HCT 125 are high-speed 
Si-gate CMOS devices and are pin C 


compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 
The 74HC/HCT125 are four non- 
inverting buffer/line drivers with 3-state 
outputs. The 3-state outputs (nY) are 
controlled by the output enable input 


| : 
C nower dissipation 
PD capacitance per buffer 


GND = OV; Tam = 25 °C; ty = tp = 6 ns 


(nOE). A HIGH at nOE causes the Noes: . a . 

outputs to assume a HIGH impedance 1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 

OF F-state. PD =Cpp x Vac? x fi + 2 (CL x VCC? x fo) where: 

The 125” is identical to the 126” but fj = input frequency in MHz Ci == output load capacitance in pF 
has active LOW enable inputs. fo = output frequency in MHz VCC = supply voltage in V 


Z (Ci x Vcc? x fo) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


| 
ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT125P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT125T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


}PINNO, | SYMBOL NAME AND FUNCTION 


1,4, 10, 13 10E to 40E output enable inputs (active LOW) 
2,5, 9, 12 1A to 4A data inputs 

3,6, 8, 11 1Y to 4Y data outputs 

7 GND ground (0 V) 

14 positive supply voltage 


7293370 7293372 7293371 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT125 
MSI 


a—l>o—S0o—o—_So— »v 
° 


nOE sisi Mitesh 7293833 


7293372 


Fig. 4 Functional diagram. Fig. 5 Logic diagram (one buffer). 


FUNCTION TABLE 


INPUTS OUTPUT 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

Z = high impedance OFF-state 
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Quad buffer/line driver; 3-state PC74HC/HCT125 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’’. 


Output capability: bus driver 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =OV;t, = tp =6ns; CL = 50 pF 


_———— Tam (°C) | TESTCONDITIONS —_| CONDITIONS 


HE 


SYMBOL | PARAMETER NIT me WAVEFORMS 


U 
—40 to +85 4010 +125. | to+125 


propagation delay 
nA to nY 


3-state output enable time 
nOE to nY 
3-state output disable time Het 


nOE to nY 


output transition time 
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PC74HC/HCT125 
MsI 


64 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘’HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: bus driver 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT COEFFICIENT 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; t, = ts = 6 ns; Cy = 50 pF 


Tamb (°C) 
74HCT 
SYMBOL | PARAMETER UNIT 
ae Sr 
tpH/ propagation delay 
tPLH nA to nY 


TEST CONDITIONS 


WAVEFORMS 
V 


a5 Fig. 6 
a5 Fig. 7 
ss Fig. 7 
eee 


fy. | max, | min. max. 


tpzH/ 3-state output enable time 
teZL nQE to nY 


tpHz/ 3-state output disable time 
tpLZ nOE to nY 

tTHL/ output transition time 
'TLH 
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Quad buffer/line driver; 3-state PC74HC/HCT125 
MSI 


AC WAVEFORMS 


nA INPUT 


OUTPUT 
LOW-to-OFF 
OFF -to- LOW 


nY OUTPUT 


OUTPUT 
HIGH-to-OFF Vult) 


7 373 
ae OFF-to-HIGH 


outputs __»/4——__ outputs —___-»|«— outputs 
7293374 enabled disabled enabled 


Fig. 6 Waveforms showing the input (nA) 
to output (nY) propagation delays and 
the output transition times. 


Fig. 7 Waveforms showing the 3-state enable 
and disable times. 


Note to AC waveforms 
(1) HC : Vy = 50%; V) = GND to Vcc. 
HCT: Vy = 1.3V; Vy = GND to 3V. 
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PC74HC/HCT126 
MSI 


QUAD BUFFER/LINE DRIVER; 3-STATE 


FEATURES 


® Output capability: bus driver 
® icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT126 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 
The HC/HCT 126 are four non- 
inverting buffer/line drivers with 3-state 
outputs. The 3-state outputs (nY) are 
controlled by the output enable input 
(nOE). A LOW at nOE causes the 
outputs to assume a HIGH impedance 
OFF -state. 


The ‘'126” is identical to the ‘'125"’ but 
has active HIGH enable inputs. 


7293375 


Fig. 1 Pin configuration. 


TYPICAL 
UNIT 


SYMBOL | PARAMETER CONDITIONS 


tPHL/ 
tPLH 
power dissipation 


propagation delay 
nA to nY 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL x VCC? x fo) where: 
fj = input frequency in MHz CL output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
Z (CL x Vcc? x fo) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT126P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT126T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


FPINNO. =| SYMBOL NAME AND FUNCTION 


1,4, 10, 13 10E to 40E 
2,5, 9, 12 1A to 4A 

3, 6, 8, 11 1Y to 4Y 

7 GND 

14 Vcc 


output enable inputs (active HIGH) 
data inputs 

data outputs 

ground (0 V) 

positive supply voltage 


7293377 
7293376 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT126 
MSI 


nOE ore 7293834 
7293376 


Fig. 4 Functional diagram. Fig. 5 Logic diagram (one buffer). 


FUNCTION TABLE 


INPUTS OUTPUT 


L 
i H 
X Z 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

Z = high impedance OF F-state 
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PC74HC/HCT126 
MSI 


Quad buffer/line driver; 3-state 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications’’. 


Output capability: bus driver 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = OV; t, = te = 6 ns; Cy = 50 pF 


Tamb (°C) 
74HC 
SYMBOL | PARAMETER UNIT 
+25 —40to+85 | —40to+125 
typ. | max, | min. 


tpHL/ propagation delay 

tPLH nA to nY 

tpzZH/ 3-state output enable time 
teZL nOE to nY 


TEST CONDITIONS 


Vec | WAVEFORMS 
V 
0 


2; 
4.5 


tpH2/ 3-state output disable time 
tp_7 nOE to nY 

tTHL/ 
'TLH 


output transition time 
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— PC74HC/HCT126 
MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications’’. 


Output capability: bus driver 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


AC CHARACTERISTICS FOR 74HCT 
GND = OV;t, = t¢ = 6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 


. 74HCT 

SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
“401098 | ove 125 : 
in | ev | man, | 


tpHL/ propagation delay Fi. 6 

tPLH nA to nY I9- 
tpzH/ 3-state output enable time Fj 
tp7, nOE to nY ig. 7 


tpHz/ 3-state output disable time 
tpiz nOE to nY 

tTHL/ output transition time 
TTLH 
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Quad buffer/line driver; 3-state | PC74HC/HCT126 
MSI 


AC WAVEFORMS 


nA INPUT 


OUTPUT 
LOW-to-OF F 
OFF -to-LOW 


nY OUTPUT 


OUTPUT 
HIGH-to-OFF 
OFF -to-HIGH 


7293378 


outputs __»|4 ___ outputs —___»|«— outputs 
7293379 enabled disabled enabled 


Fig. 6 Waveforms showing the input (nA) 
to output (nY) propagation delays and 
the output transition times. 


Fig. 7 Waveforms showing the 3-state enable 
and disable times. 


Note to AC waveforms 
(1) HC : Vy = 50%; V; = GND to Vec. 
HCT: Vy =1.3V; Vy = GND to 3V. 
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PC74HC/HCT132 
SSI 


QUAD 2-INPUT NAND SCHMITT TRIGGER 


FEATURES 


@ Output capability: standard 
® Icc category: SSI 


GENERAL DESCRIPTION 


The 74HC/HCT 132 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 


compliance with JEDEC standard no. 7. 


The 74HC/HCT132 contain four 
-2-input NAND gates which accept 
standard input signals. They are capable 
of transforming slowly changing input 
signals into sharply defined, jitter-free 
output signals. 


The gate switches at different points 
for positive and negative-going signals. 
The difference between the positive 
voltage V7+ and the negative voltage 
VT is defined as the hysteresis 
voltage Vy. 


7293333 


Fig. 1 Pin configuration. 


SYMBOL PARAMETER CONDITIONS 
tpHi/ propagation delay Cy = 15 pF 
nA, nB to nY eee 5V 


tPLH 
input capacitance 


| TYPICAL | 
| TyPicau | 


ness 


Porras ee 


1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL x VCC? x fo) where: 
fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz = supply voltage in V 
Z (CL x Voc? x fo) 
2. For HC thecondition is V| 
For HCT the condition is V| 


power dissipation 
capacitance per gate 


GND = 0 V; Tamb = 25 °C; ty = tf = 6 ns 


Notes 


= sum of outputs 


= GND toVcc 
= GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT132P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT132T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


1,4, 9, 12 1A to 4A 
2, 5, 10, 13 1B to 4B 
3, 6, 8, 11 1Y¥ to 4Y 
GND 


Vcc 


NAME AND FUNCTION 


data inputs 


data inputs 

data outputs 

ground (0 V) 

positive supply voltage 


14 
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Fig. 2 Logic symbol. 


Fig. 3 IEC logic symbol. 
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_ PC74HC/HCT132 


74 


SSI 


7293336 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


INPUTS OUTPUT 


H = HIGH voltage level 
L = LOW voltage level 


October 1985 
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Fig. 5 Logic diagram 
(one Schmitt trigger). 


APPLICATIONS, 


@ Wave and pulse shapers 
® Astable multivibrators 
@ Monostable multivibrators | 


Quad 2-input NAND Schmitt trigger 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, 


istics are given below. 


Output capability: standard 
Icc category: SSI 


Transfer characteristics for 74HC 


Voltages are referenced to GND (ground = 0 eT 


SYMBOL 


PARAMETER 


positive-going threshold 


negative-going threshold 


hysteresis (V4 — Vy7_) 


AC CHARACTERISTICS FOR .74HC 
GND = 0 V; ty = ts = 6 ns; Cy = 50 pF 


SYMBOL 


tpHL/ 
tPLH 
tTHL/ 
tTLH 


PARAMETER 


propagation delay 
nA, nB to nY 


output transition time 


eras 


pea RE eae (°C) 


ee ee 


—40 to +85 } 40 10 +125 | to +1 } 40 10 +125 | 


ra 


9 
15 |V 
2 6.0 


a : 


4.5 
6.0 


2.0 
4.5 
6.0 


‘cuueek See (°C) 
pra 


—40to+85 | —40 | 4010 +125 | | 4010 +125 | 
190 

15 

6.0 

: a 


2.0 
4.5 
6.0 


PC74HC/HCT132 
SSI 


section ‘Family specifications’. Transfer character- 


TEST CONDITIONS 
UNIT 


Vee WAVEFORMS 


Figs 6 and 7 
Figs 6 and 7 
Figs 6 and 7 


TEST CONDITIONS 
UNIT 


ec WAVEFORMS 
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PC74HC/HCT132 
SSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’’, section “Family specifications’. Transfer character- 
istics are given below. 

Output capability: standard 

Icc category: SSI 

Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


; unit load 
input 
coefficient | 


[rare [os 


Transfer characteristics for 74HCT 


Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER | —{ UNIT | Vcc | WAVEFORMS 
—40to +85 | —40to +125 Vv 


a 
V : . 1.2 3 
T- negative-going threshold 14 V Figs 6 and 7 


AC CHARACTERISTICS FOR 74HCT 
GND =0 V;t, =t¢ = 6 ns; CL = 50 pF 


TEST CONDITIONS 


SYMBOL | PARAMETER UNIT WAVEFORMS 
Vv 


tpHL/ propagation delay 
tPLH nA, nB to nY 

tTHL/ output transition time 
tTLH 


October 1985 


Quad 2-input NAND Schmitt trigger 


PC74HC/HCT132 
SSI 


TRANSFER CHARACTERISTIC WAVEFORMS 


ee 


: ie 
7293339 


YT, Vine 7293338 
Fig. 7 Waveforms showing the definition of 
VT+, VT— and Vy; where V74. and V7_ 


Fig. 6 Transfer characteristic. are between limits of 20% and 70%. 


AC WAVEFORMS 


nA, nB INPUT Val!) 
a tPHL 
nY OUTPUT 


7293633 


Fig. 8 Waveforms showing the input (nA, nB) to Note to AC waveforms 
output (nY) propagation delays and the output (1) HC: Viy = 50%; V) = GND to Vcc. 


transition times. HCT: Vy = 1.3V; Vj = GND to 3V. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 


<@— 74HC ONLY 


PC74HC/HCT160 


specifications are subject to change without notice. 


MSI 


PRESETTABLE SYNCHRONOUS BCD DECADE COUNTER; ASYNCHRONOUS RESET 


FEATURES 


@ Synchronous counting and loading 
@ Two count enable inputs for n-bit 
cascading 

Positive-edge triggered clock 
Asynchronous reset 

Output capability: standard 

Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT160 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT160 are synchronous 
presettable decade counters which feature 
an internal look-ahead carry and can be 
used for high-speed counting. 
Synchronous operation is provided by 
having all flip-flops clocked 
simultaneously on the positive-going edge 
of the clock (CP). 

The outputs (Qg to Q3) of the counters 
may be preset to a HIGH or LOW level. - 
A LOW level at the parallel enable input 
(PE) disables the counting action and 
causes the data at the data inputs (Dg to 
D3) to be loaded into the counter on the 
positive-going edge of the clock (providing 
that the set-up and hold time requirements 
for PE are met). Preset takes place 
regardless of the levels at count enable 
inputs (CEP and CET). 


(continued on next page) 


7293605 


Fig. 1 Pin configuration. 


| TYPICAL 


UNIT 
jue | HoT 


SYMBOL PARAMETER CONDITIONS 


propagation delay 
CP to Qn 
CP to TC 
MR to QO, 
MR to TC 
CET to TC 


propagation delay 
CP to O, 
CP to TC 
CET to TC 


Ca a 
Capacitance per package 


GND =O V; Tamb= 25 °C; ty = te = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 
Pp =Cpp x Vcc’? x fj + = (CL x VCC? x fo) where: 

fj = input frequency in MHz CL 
fo = output frequency in MHz VCC 
x (CL x Vcc? x fo) = sum of outputs 

2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj} = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


oft 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT160P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT160T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


11 


7Z93609 7293610 


. 3 IEC logic symbol. 


Fig. 2 Logic symbol. 
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PC74HC/HCT 160 
MSI 


GENERAL DESCRIPTION (Cont’d.) 


A LOW level at the master reset input 
(MR) sets all four outputs of the flip-flops 
(Qo to Q3) to LOW level regardless of the 
levels at CP, PE, CET and CEP inputs (thus 
providing an asynchronous clear function). 


The look-ahead carry simplifies serial 

cascading of the counters. Both count 
enable inputs (CEP and CET) must be 
HIGH to count. The CET input is fed 


Pon ae Unies forward to enable the terminal count 
a output (TC). The TC output thus enabled 
, will produce a HIGH output pulse of a 


7293615 duration approximately equal to a HIGH 
level output of Qo. This pulse can be used 


: ; : to enable the next cascaded stage. 
Fig. 4 Functional diagram. 


PIN DESCRIPTION 


SYMBOL NAME AND FUNCTION 


asynchronous master reset (active LOW) 
clock input (LOW-to-HIGH, edge-triggered) 
data inputs 

count enable input 


ground (0 V) 
parallel enable input (active LOW) 
count enable carry input 

14, 13, 12, 11 flip-flop outputs 

15 terminal count output 

16 positive supply voltage 


TC 


hold 
(do nothing) 


Note to function table 
* The TC output is HIGH when CET is HIGH and the counter is at terminal count (HLLH). 


H = HIGH voltage level 

HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition 
LOW voltage level 

LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 
lower case letters indicate the state of the referenced output one set-up time 
prior to the LOW-to-HIGH CP transition 

don’t care 

LOW-to-HIGH CP transition 


tow 


-x jo-rs 
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Presettable synchronous BCD decade counter; asynchronous reset PC74HC/HCT 160 


ete ane e———————— inhibit ——_—_—_ 


7Z93625 


reset preset 


Fig. 5 State diagram. Fig. 6 Typical timing sequence: reset outputs to zero; preset to 
BCD seven; count to eight, nine, zero, one, two and three; inhibit. 


DEVELOPMENT DATA 


7293629 


Fig. 7 Logic diagram. 
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PC74HC/HCT 160 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘““HCMOS family characteristics’, section ‘Family specifications”. 


Output capability: standard 
Icc category: MSI . 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V; t, = tp= 6 ns; Cy = 50 pF 


Tamb (°C) 


TEST CONDITIONS 


SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
—40 to +85 | —40to +125 


va 
2.0 
4.5 Fig. 8 
6.0 


+ 
N 
o1 


propagation delay 
CP to Oy 


tPHL/ 
'PLH 


~ 

a. 

< 

Q 
| 
n 


propagation delay 
CP to TC 


fey) 
122) 
=) 
77) 


orm W 
owt. 
© 
n 
DAN|/DAN|MAN|DAN| DAN 
omo;~ouno/;)ono;ono|, ouo 


Fig. 8 


- Ol HON | & OTN 
ow omnwm; W—o 
oO ol 
O1&) W 
hO=- 
ol 


propagation delay 
MR to OQ, 


280 


150 190 
30 
26 


propagation delay 
MR to TC 


ol 
oom 


propagation delay 
CET to TC 


Oo Ww 
OO 


Figs 8 and 10 


output transition time 


210 265 
42 
36 


— — ~j 
won 
—_ —3 (6 
Oo on 


lock pulse width 140 175 210 2.0 
clock pulse w 28 35 42 ns 4.5 
HIGH or LOW 74 ab ae ‘3 
master reset pulse 80 100 
‘W width; LOW 1 20 ) 
removal time 100 125 150 2.0 ; 
trem MR to CP re o = 45 Fig. 9 
set-up time 100 125 150 2.0 
= 25 30 ns | 45 | Fig. 11 
su Dry to CP 17 se 
set-up time 150 190 225 2.0 
PE 4. Fig. 11 
tu PE to CP a 4 a5 ig 
set-up time 200 250 300 2.0 
i 4.5 Fig. 12 
CEP, CET to CP mes o> lore 


Figs 11 and 12 


a eas 
OPN 
mo 


= 
x= 
N 
BN] OD 
mo] © 


b 


maximum clock pulse 


12 
frequency 


14 


_ 
© 


NO 

oh 
—_t od (1) 
[ope 
sae 
© 


hold time 
Dy, PE, CEP, 
CET to CP 
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Presettable synchronous BCD decade counter; asynchronous reset PC74HC/HCT 160 
MS! 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section “Family specifications”. 
Output capability: standard 

Icc category: MS! 

Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD UNIT LOAD 
INPUT | COEFFICIENT INPUT | COEFFICIENT 
0.95 0.25 


n 
cP 0.80 CET 1.05 
CEP 0.25 PE 0.30 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V;t, = t¢ = 6 ns; Cy = 50 pF 


See SMa PC °c) | TESTCONDITIONS | CONDITIONS 
eee 
SYMBOL | PARAMETER [aor v125 | ON Veo WAVEFORMS 
| 5 | 40 to +85 } ~40t0 +125 | to +125 
SPS 


tPpHL/ propagation delay Fig, 8 
tPLH CP to QO, 
propagation delay 
creers =e Se pepe 
propagation delay 
tPLH CP to TC | fe | fe | foe fm fas free 
propagation delay 
geese delay 
ou [Maer || 8 =i [ele 
propagation delay 
propagation delay 4 Fig. 10 
tTHL/ output transition time Figs 8 and 10 
tTLH 
clock pulse width 
master reset pulse Fj 
removal time Fj 
ee i=) | [=| [®[ [- [el 
set-up time 
Dy, to CP 
set-up time Fig. 11 
ae HS 
set-up time Fig. 12 


DEVELOPMENT DATA 


CEP, CET to CP 


hold time 
Dp, PE, CEP, Figs 11 and 12 
_ CET to CP 

maximum clock pulse Fig. 8 


vm 
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PC74HC/HCT160 
MSI 


AC WAVEFORMS 


CP INPUT 


CP INPUT 


OUTPUT 
Q,, TC 


7293621 OUTPUT 


7293623 


Fig. 8 Waveforms showing the clock (CP) to outputs (Q,, TC) Fig. 9 Waveforms showing the master reset (MR) pulse width, 


propagation delays, the clock pulse width, the output transition the master reset to output (Q,, TC) propagation delays and 
times and the maximum clock frequency. the master reset to clock (CP) removal time. 


PE INPUT 


CET INPUT 


CP INPUT 


TC OUTPUT 


7293622 D,, INPUT 


Q,, OUTPUT 


7293620 


Fig. 10 Waveforms showing the input (CET) to output (TC) Fig. 11 Waveforms showing the data set-up and hold times 
propagation delays and output transition times. for the input (D,,) and parallel enable input PE. 


ee Vy Note to Figs 11 and 12 
, p The shaded areas indicate when the input is permitted to 
| change for predictable output performance. 


CP INPUT 
\ 
Note to AC waveforms 


(1) HC : Vy = 50%; V; = GND to Vcc. 
Fig. 12 Waveforms showing the CEP and CET set-up and HCT: Vy = 1.3V; Vy = GND to 3V. 
hold times. 
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PC74HC/HCT161 
MSI 


PRESETTABLE SYNCHRONOUS 4-BIT BINARY COUNTER; ASYNCHRONOUS RESET 


FEATURES 


® Synchronous counting and loading 
@ Two count enable inputs for n-bit 
cascading 

Positive-edge triggered clock 
Asynchronous reset 

Output capability: standard 

icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT161 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT161 are synchronous 
presettable binary counters which feature 
an internal look-ahead carry and can be 
used for high-speed counting. 
Synchronous operation is provided by 
having all flip-flops clocked 
simultaneously on the positive-going edge 
of the clock (CP). 

The outputs (Qo to Q3) of the counters 
may be preset to a HIGH or LOW level. 

A LOW level at the parallel enable input 
(PE) disables the counting action and 
causes the data at the data inputs (Dg to 
D3) to be loaded into the counter on the 
positive-going edge of the clock (providing 
that the set-up and hold time requirements 
for PE are met). Preset takes place 
regardless of the levels at count enable 
inputs (CEP and CET). 


(continued on next page) 


7Z93606 


Fig. 1 Pin configuration. 


TYPICAL 
UNIT 
ne | Hor 


CONDITIONS 


SYMBOL PARAMETER 


propagation delay 
CP to Q, 
tpHL/ CP to TC 
tPLH MR to Qy 
MR to TC 
CET to TC 


18 
21 
19 
19 
10 
maximum clock frequency 
Co Cc 
power dissipation 
capacitance per package rots tand2 | 39 | 


GND = OV; Tamb = 25°C; t, = t¢ = 6 ns 


19 
24 
23 
26 
14 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 
Pp =Cpp x VCC’ x fi+ = (CL x VCC? x fo) where: _ 
fj = input frequency in MHz CL output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
x (Cy x Vcc? x fy) = sum of outputs 


2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT161P: 16-lead DIL; plastic (SOT-382Z). 
PC74HC/HCT161T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PE Dg Dy Dp 03 


11 
7Z93608 
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Fig. 2 Logic symbol. . 3 IEC logic symbol. 
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PC74HC/HCT 161 
MSI 


GENERAL DESCRIPTION (Cont’d.) ) 


3. A LOW level at the master reset input 
i occa (MR) sets all four outputs of the flip-flops 
(Qo to Q3) to LOW level regardless of the 
Ol PARALLEL LOAD CIRCUITRY levels at CP, PE, CET and CEP inputs (thus 
= providing an asynchronous clear function). 


The look-ahead carry simplifies serial 
cascading of the counters. Both count 
enable inputs (CEP and CET) must be 
HIGH to count. The CET input is fed 
forward to enable the terminal count 
output (TC). The TC output thus enabled 
will produce a HIGH output pulse of a 
ao6iaKe duration approximately equal to a HIGH 
level output of Qo. This pulse can be used 
to enable the next cascaded stage. 


asynchronous master reset (active LOW) 
clock input (LOW-to-HIGH, edge-triggered) 
data inputs 
count enable input 
ground (0 V) 
parallel enable input (active LOW) 
count enable carry input 
14, 13, 12, 11 flip-flop outputs 
15 terminal count output 
16 positive supply voltage 


Note to function table 
* The TC output is HIGH when CET is HIGH and the counter is at terminal count (HHH). 


HIGH voltage level 

HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition 
LOW voltage level 

LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 
lower case letters indicate the state of the referenced output one set-up time 
prior to the LOW-to-HIGH CP transition 

= don’t care 

= LOW-to-HIGH CP transition 


tou hw wet 


H 
h 
L. 
i 

q 
x 
t 


86 October 1985 


Presettable synchronous 4-bit binary counter; asynchronous reset PC74HC/HCT161 
MSI 


inhibit ————> 
7293626 
Fig. 5 State diagram. Fig. 6 Typical timing sequence: reset outputs to zero; preset to 
binary twelve; count to thirteen, fourteen, fifteen, zero, one and 
two; inhibit. 


reset preset 


7293630 


Fig. 7 Logic diagram. 
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PC74HC/HCT161 
MSI 


DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter “‘HCMOS family characteristics”, section “Family specifications”, 
Output capability: standard 

Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V; ty = t¢ = 6 ns; CL = 50 pF 


TEST CONDITIONS 
74HC 
SYMBOL | PARAMETER UNIT 
“401185 | —A0vor128 


WAVEFORMS 
Vv 


150 


master reset pulse 
width; LOW 


2.0 
45 | Fig. 9 
6.0 
2.0 
4.5 | Fig.9 
6.0 
2.0 | 
4.5 | Fig. 11 
6.0 
2.0 
4.5 | Fig. 11 
6.0 
2.0 
4.5 | Fig. 12 | 
6.0 
4.5 | Figs 11 and 12 
6.0 
2.0 
45 | Fig.8 


removal time 
MR to CP 


set-up time 
Dy, to CP 


ain. | ty. | max. | ein. | max. | ein. | max. 
, 205 255 310 2.0 | 
propagation delay A} 51 62 45 Fig. 8 
CP to Qn 35 43 53 6.0 
F 225 280 340 2.0 
propagation delay 45 56 68 45 Fig. 8 
CP to TC 38 48 58 6.0 
225 280 340 2.0 
propagation delay 45 56 68 45 Fig. 9 
MR to O, 38 48 58 6.0 
: 220 275 330 2.0 
propagation delay 44 55 66 45 Fig. 9 
MR to TC 37 47 56 6.0 
propagation delay 150 190 225 2.0 
30 38 45 4.5 | Fig. 10 
CET to TC 26 33 38 6.0 
75 110 2.0 
output transition time 15 22 4.5 Figs 8 and 10 
13 19 6.0 
; 140 165 2.0 
clock pulse width i 
cera] | RL BL le |B 
125 
25 
21 
125 
25 
21 
125 
25 
21 


NOW NW | dN &W 


225 


200 250 300 
40 50 60 
34 43 51 

5 

23 

27 


set-up time 
PE to CP 


Os 
oo 


set-up time 
CEP, CET to CP 


hold time 
Dn, PE, CEP, 
CET to CP 


maximum clock pulse 
frequency 


— — ©) 

oul 
NO 
© 
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Presettable synchronous 4-bit binary counter: asynchronous reset PC74HC/HCT161 
MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section ‘Family specifications’’. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


INPUT UNIT LOAD UNIT LOAD 
COEFFICIENT COEFFICIENT 

MR 0.95 0.25 

cP 0.80 0.75 

CEP 0.25 0.30 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; t, = tp =6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
+25 —40to+85 | —40to +125 


tpHt/ propagation delay 
tpHL/ propagation delay 
tPLH CP to TC 
propagation delay 
propagation delay 
tpy,/ propagation delay 
tpLy CET to TC 
tTHL/ output transition time 
'TLH 
‘ clock pulse width 
W HIGH or LOW 
t master reset pulse 
Ww width; LOW 
t removal time 
em MR to CP 
t set-up time 
su Dr to CP 
set-up time 
t set-up time 
su CEP, CET to CP 
hold time 
th Dn, PE, CEP, 
CET to CP 
f maximum clock pulse 23 
max frequency 


oi W Oo ie) wW 
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” 
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© 
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Fig. 9 


Fig. 9 
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ns 


Fig. 10 


4.5 Figs 8 and 10 


Fig. 8 
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PC74HC/HCT161 


CP INPUT 


CP INPUT 


OUTPUT 


Q,, TC 
OUTPUT 


7293621 


7293623 


Fig. 8 Waveforms showing the clock (CP) to outputs (Q,, TC) Fig. 9 Waveforms showing the master reset (MR) pulse width, 
propagation delays, the clock pulse width, the output transition the master reset to output (Q,, TC) propagation delays and 
times and the maximum clock frequency. : the master reset to clock (CP) removal time. 


PE INPUT 


CET {NPUT 


CP INPUT 


TC OUTPUT 


7293622 


Q,, OUTPUT 


7293620 


Fig. 10 Waveforms showing the input (CET) to output (TC) Fig. 11 Waveforms showing the set-up and hold times for the 
propagation delays and output transition times. input (Dj) and parallel enable input PE. 


wr Ulm UJ Then rn nen hen io ee 


CP INPUT 


7293619 
Note to AC waveforms 


Fig. 12 Waveforms showing the CEP and CET set-up and (1) HC : Vy = 50%; Vj = GND to Vcc. 
hold times. HCT: Vy = 1.3 V; Vy = GND to 3V. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


PC74HC/HCT162 
MSI 


<— 74HC ONLY 


PRESETTABLE SYNCHRONOUS BCD DECADE COUNTER; SYNCHRONOUS RESET 


FEATURES 


@ Synchronous counting and loading 
@ Two count enable inputs for n-bit 
cascading 

Positive-edge triggered clock 
Synchronous reset 

Output capability: standard 

Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT 162 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT 162 are synchronous 
presettable decade counters which feature 
an internal look-ahead carry and can be 
used for high-speed counting. 
Synchronous operation is provided by 
having all flip-flops clocked 
simultaneously on the positive-going edge 
of the clock (CP). 

The outputs (Qg to Q3) of the counters 
may be preset to a HIGH or LOW level. 

A LOW level at the parallel enable input 
(PE) disables the counting action and 
causes the data at the data inputs (Do to 
D3) to be loaded into the counter on the 
positive-going edge of the clock (providing 
that the set-up and hold time requirements 
for PE are met). Preset takes place 
regardless of the levels at count enable 
inputs (CEP and CET). 


For the “162” the clear function is 
synchronous. 


(continued on next page) 


7293607 


Fig. 1 Pin configuration. 


TYPICAL 
rie [ wer 


CONDITIONS 


SYMBOL PARAMETER 
propagation delay 
t CP to QO, 
PHL CP to TC 
CET to TC 
*PLH CP to TC 
CET to TC 
maximum clock frequency 
fe: imoutcapactance | 88 
power dissipation 
capacitance per package notes band? 
GND =0 V; Tamb = 25°C; t, a tf =6ns 


propagation delay 
CP to Oy 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fj + = (CL x Vcc? x fo} where: 
fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
X (CL x Vcc? x fo) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT162P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT162T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


120011 
7293609 
7293612 


Fig. 2 Logic symbol. ig. 3 IEC logic symbol. 
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PC74HC/HCT 162 
MSI 


GENERAL DESCRIPTION (Cont’d.) 


oo -- |8 A LOW level at the master reset input 

Sa bE ic (MR) sets all four outputs of the flip-flops 
(Qo to Q3) to LOW level after the next 

PARALLEL LOAD CIRCUITRY positive-going transition on the clock (CP) 

- input (provided that the set-up and hold 

time requirements for MR are met). This 

action occurs regardless of the levels at PE, 

CET and CEP inputs. 

This synchronous reset feature enables the 

designer to modify the maximum count 

with only one external NAND gate. 


The look-ahead carry simplifies serial 
cascading of the counters. Both count 
enable inputs (CEP and CET) must be 
HIGH to count. The CET input is fed 
forward to enable the terminal count 

Fig. 4 Functional diagram. output (TC). The TC output thus enabled 
will produce a HIGH output pulse of a 
duration approximately equal to a HIGH 
level output of Qo. This pulse can be used 
PIN DESCRIPTION to enable the next cascaded stage. 


synchronous master reset (active LOW) 
clock input (LOW-to-HIGH, edge-triggered) 
data inputs 
count enable input 
ground (0 V) 
parallel enable input (active LOW) 
count enable carry input 
14, 13, 12, 11 flip-flop outputs 
15 terminal count output 
16 positive supply voltage 


FUNCTION TABLE 
INPUTS OUTPUTS 


Note to function table 
* The TC output is HIGH when CET is HIGH and the counter is at terminal count (HLLH). 


HIGH voltage level 

HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition 

LOW voltage level 

LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 

lower case letters indicate the state of the referenced output one set-up time prior 
to the LOW-to-HIGH CP transition 

don’t care 

LOW-to-HIGH CP transition 


ft tf HoH OW 


>x ow7rrsat 


92 October 1985 


Presettable synchronous BCD decade counter; synchronous reset PC74HC/HCT 162 
MSI 


f 
‘ 


a 


7293614 
| nr ————— | inhibit ——_—_—__—_—_. 
reset preset 
7Z93627 


Fig. 5 State diagram. Fig. 6 Typical timing sequence: reset outputs to zero; preset to 
BCD seven; count to eight, nine, zero, one, two and three; inhibit. 


DEVELOPMENT DATA 


7293631 


Fig. 7 Logic diagram. 
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PC74HC/HCT 162 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section “Family specifications’’. 


Output capability: standard 
lcc category: MSI 


AC CHARACTERISTICS FOR 74HC 


GND = 0 V; ty = tg = 6 ns; Cy = 50 pF 


See (°C) TEST CONDITIONS 
Pa 
SYMBOL | PARAMETER UNIT Veo WAVEFORMS 
tv. =o == 


propagation delay 
CP to Op, 


propagation delay 
CP to TC 


propagation delay 
CET to TC 


Output transition time 


2.0 
4.5 Figs 8 and 9 
6.0 
210 2.0 
42 4.5 Fig. 8 
36 6.0 
2.0 
4.5 Figs 10 and 11 
6.0 
190 2.0 
38 4.5 Fig. 10 
33 6.0 


clock pulse width 
HIGH or LOW 


set-up time 
MR, Dy, to CP 


set-up time 
PE to CP 


set-up time 
CEP, CET to CP 


300 2.0 
60 4.5 Fig. 12 
51 6.0 


Figs 10, 11 and 12 


hold time 
Dn, PE, CEP, 
CET, MR to CP 


maximum clock pulse 
frequency 
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DEVELOPMENT DATA 


Presettable synchronous BCD decade counter; synchronous reset 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications”. 


Output capability: standard 
Icc category: MS] 


Note to HCT types 


PC74HC/HCT 162 
MSI 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
ee COEFFICIENT 


UNIT LOAD 
INPUT COEFFICIENT 


Dn 0.25 
CET 1.05 
0.30 


MR 
cP 
CEP 


AC CHARACTERISTICS FOR 74HCT 
GND =OV;t, =t¢=6ns; C_ = 50 pF 


SYMBOL | PARAMETER 


—40to+85 | —40to +125 


propagation delay 
CP to Oy, 


propagation delay 
CP to TC 
propagation delay 
CP to TC 
propagation delay 
CET to TC 
propagation delay 


TEST CONDITIONS 


UNIT | Vec | W 
V ie 
4.5 : 


tTHL/ Output transition time 
tTLH 
clock pulse width 
HIGH or LOW 27 
; set-up time 
SU Dr, to CP 
: set-up time 
PE to CP 
‘ set-up time 
CEP, CET to CP 
set-up time 


hold time 
th Dn, PE, CEP, 


SU 
Su 
su 


CET, MR to CP 


f maximum clock pulse 
max frequency 


et 
< 
= N w .~ o1 s 
o1 > on ao = Ww 
= NO ol NO ig) 
Ww on oO oa co 
O&O io) oO 
= ie) oO io) - 
= i=) oe) oO ~N 
NO W oO ~“N [°>) 
NO oO Ww ~N or 


= (o) No 
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PC74HC/HCT 162 
MSI 


AC WAVEFORMS 


CP INPUT CET INPUT 


TC OUTPUT 
OUTPUT 


7293621 7293622 


Fig. 8 Waveforms showing the clock (CP) to outputs (Q,, TC) Fig. 9 Waveforms showing the input (CET) to output (TC) 
propagation delays, the clock pulse width, the output transition propagation delays and output transition times. 
times and the maximum clock frequency. 


PE INPUT 


CP INPUT 


CP INPUT 


7293624 


Q,, OUTPUT 


7293620 


Fig. 11 Waveforms showing the MR set-up and hold times. 


Fig. 10 Waveforms showing the set-up and hold times for the 
input (D,) and parallel enable input (PE). 


Yj, Note to Figs 10,11and12 
“Neu ) Y/ff The shaded areas indicate when the input is permitted to 
da change for predictable output performance. 


CP INPUT 
enn Note to AC waveforms 
(1) HC : Viy = 50%; V) = GND to Vcc 


Fig. 12 Waveforms showing the CEP and CET set-up and HCT: Vy = 1.3V; Vy = GND to 3V. 


hold times. 
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PC74HC/HCT 163 
MSI 


PRESETTABLE SYNCHRONOUS 4-BIT BINARY COUNTER; SYNCHRONOUS RESET 


FEATURES 


@ Synchronous counting and loading 
® Two count enable inputs for n-bit 
cascading 

Positive-edge triggered clock 
Synchronous reset 

Output capability: standard 

icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT163 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT 163 are synchronous 
presettable binary counters which feature 
an internal look-ahead carry and can be 
used for high-speed counting. 
Synchronous operation is provided by 
having all flip-flops clocked 
simultaneously on the positive-going edge 
of the clock (CP). 

The outputs (Qo to O3) of the counters 
may be preset to a HIGH or LOW level. 
A LOW level at the parallel enable input 
(PE) disables the counting action and 
causes the data at the data inputs (Dg to 
D3) to be loaded into the counter on the 
positive-going edge of the clock (providing 
that the set-up and hold time requirements 
for PE are met). Preset takes place 
regardless of the levels at count enable 
inputs (CEP and CET). 

For the “163” the clear function is 
synchronous. 


(continued on next page) 


7293608 


Fig. 1 Pin configuration. 


CONDITIONS 


TYPICAL 
UNIT 
jue | Her 


SYMBOL | PARAMETER 
tPHL/ 
tPLH 


maximum clock frequency eee 


Cc power dissipation pains ado 
PD capacitance per package 


propagation delay 


CP to Q, 17 
CP to TC 21 
CET to TC 10 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fj + = (CL x VCC? x fo) where: 

fj = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
X (Ci x Vcc? x fg) = sum of outputs 

2. For HC thecondition is Vj] = GND to Vcc 
For HCT the condition is Vj} = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT163P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT163T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PE Dg Dy Dy Dy 


7293609 


7Z93613 


Fig. 2 Logic symbol. ig. 3 IEC logic symbol. 
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PC74HC/HCT 163 
MSI 


GENERAL DESCRIPTION (Cont'd) 


A LOW level at the master reset input 
3 |4 Is (MR) sets all four outputs of the flip-flops 
Po [Pr foo | (Qo to Q3) to LOW level after the next 
positive-going transition on the clock (CP) 
input (provided that the set-up and hold © 
time requirements for MR are met). This 
action occurs regardless of the levels at PE, 
CET and CEP inputs. 
This synchronous reset feature enables the 
designer to modify the maximum count 
with only one external NAND gate. 


The look-ahead carry simplifies serial 
cascading of the counters. Both count 
enable inputs (CEP and CET) must be 
HIGH to count. The CET input is fed 
forward to enable the terminal! count 
output (TC). The TC output thus enabled 
will produce a HIGH output pulse of a 
duration approximately equal to a HIGH 
level output of Qo. This pulse can be used 
to enable the next cascaded stage. 


synchronous master reset (active LOW) 
clock input (LOW-to-HIGH, edge-triggered) 
data inputs 
count enable input 
ground (0 V) 
parallel enable input (active LOW) 

10 count enable carry input 

14,13, 12, 11 flip-flop outputs 

15 terminal count output 

16 positive supply voltage 


FUNCTION TABLE 


INPUTS OUTPUTS 
OPERATING MODE 


reset (clear) 


parallel load 


count 


hold 
(do nothing) 


Note to function table 
* The TC output is HIGH when CET is HIGH and the counter is at terminal count (HHHH). 


H = HIGH voltage level 

HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition 

LOW voltage level 

LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 

lower case letters indicate the state of the referenced output one set-up time prior 
to the LOW-to-H1IGH CP transition 

don’t care 

LOW-to-HIGH CP transition 


> x oa-7rs 
oun ud 


Wool 
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Presettable synchronous 4-bit binary counter; synchronous reset PC74HC/HCT163 
MSI 


count —————— |< __————— inhibit ———--—_—>- 
7293628 
Fig. 5 State diagram. Fig. 6 Typical timing sequence: reset outputs to zero; preset to 
binary twelve; count to thirteen, fourteen, fifteen, zero, one and 
two; inhibit. 


reset preset 


7293632 


Fig. 7 Logic diagram. 
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PC74HC/HCT 163 
MsI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section ‘‘Family specifications”. 


Output capability: standard 
lcc category: MSI 


AC CHARACTERISTICS FOR 74HC 


GND = 0 V;t, = te=6 ns; Cy = 50 pF : 


. Tamb (°C) 
74HC 
SYMBOL | PARAMETER UNIT 
“010 +95 | —a0%0 +125 | 


propagation delay 4 ee 
270 
54 
46 


TEST CONDITIONS 


WAVEFORMS 


Vv 
2.0 
4.5 Fig. 8 
6.0 


CP to QO, 


propagation delay Fig. 8 
CP to TC 37 ) 


propagation delay 
CET to TC 


output transition time 


Figs 8 and 9 | 
Figs 10 and 11 


clock pulse width 
HIGH or LOW 


2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 


set-up time 
MR, Dp to CP 


set-up time 
PE to CP 


set-up time 
CEP, CET to CP 


hold time | 
Dn, PE, CEP, 
CET, MR to CP 


Figs 10, 11 and 12 


maximum clock pulse 
frequency 
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Presettable synchronous 4-bit binary counter; synchronous reset | PC74HC/HCT 163 
MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘“‘HCMOS family characteristics’, section ‘Family specifications”. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD UNIT LOAD 
INPUT | COEFFICIENT INPUT | COEFFICIENT 


MR 0.95 Dr 
CET 
PE 


CP 1.10 
CEP 0.25 


AC CHARACTERISTICS FOR 74HCT 


GND = OV; t, = tf = 6 ns; C, = 50 pF 


Tamb (°C) TEST CONDITIONS 
a 
SYMBOL | PARAMETER UNIT “ee WAVEFORMS 
| 5 | 40 to+85 | —40to +125 
esc aeeses 
tpHL/ propagation delay 
tPLH CP to Qy 
tpHL/ propagation delay 74 
tPLH CP to TC 
tpHL/ propagation delay 
tPLH CET to TC 
tTHL/ output transition time 
tTLH 
clock pulse width 
fighovcow” || | (tLe 
ts set-up time 
su MR, Dy to CP 
set-up time ; 
a: CETTE ep a 
t set-up time Fig, 12 
su CEP, CET to CP ; 
hold time 
Dn, PE, CEP, 
CET, MR to CP 
maximum clock pulse 


Figs 10, 11 and 12 
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PC74HC/HCT 163 
MSI 


AC WAVEFORMS 


CET INPUT 


CP INPUT 


Bats TC OUTPUT 


OUTPUT 


7293621 7293622 


Fig. 8 Waveforms showing the clock (CP) to outputs (Q,, TC) Fig. 9 Waveforms showing the input (CET) to output (TC) 
propagation delays, the clock pulse width, the output transition propagation delays and output transition times. 
times and the maximum clock frequency. 


CP INPUT 


CP INPUT 


D,, INPUT 
7293624 


Q, OUTPUT 


7293620 


Fig. 10 Waveforms showing the set-up and hold times for the Fig. 11 Waveforms showing the MR set-up and hold times. 
input (D,) and parallel enable input (PE). 


Note to Figs 10, 11 and 12 


a / I" I eee 


CP INPUT 


7293619 
Note to AC waveforms 


(1) HC : Vy = 50%; V; = GND to Vcc. 
HCT: Vy =1.3V; Vj = GND to 3V. 


Fig. 12 Waveforms showing the CEP and CET set-up and 
hold times. 
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PC74HC/HCT 173 
MSI 


QUAD D-TYPE FLIP-FLOP; POSITIVE-EDGE TRIGGER; 3-STATE 


FEATURES 


@ Gated input enable for hold (do 
noting) mode 

Gated output enable control 
Edge-triggered D-type register 
Asynchronous master reset 
Output capability: bus driver 
Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT173 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT173 are 4-bit parallel 
load registers with clock enable control, 
3-state buffered outputs (Qg to Q3) and 
master reset (MR). 


When the two clock enable inputs (Ey and 
E) are LOW, the data on the Dy inputs is 
loaded into the register synchronously 
with the LOW-to-HIGH clock (CP) 
transition. When one or both E,, inputs 
are HIGH one set-up time prior to the 
LOW-to-HIGH clock transition, the 
register will retain the previous data. Data 
inputs and clock enable inputs are fully 
edge-triggered and must be stable only 
one set-up time prior to the LOW-to-HIGH 
clock transition. 


The master reset input (MR) is an active 
HIGH asynchronous input. When MR is 
HIGH, all four flip-flops are reset (cleared) 
independently of any other input 
condition. 


The 3-state output buffers are controlled 
by a 2-input NOR gate. When both output 
enable inputs (OE, and OE9) are LOW, 
the data in the register is presented to the 
Q,, outputs. When one or both OE, inputs 
are HIGH, the outputs are forced to a high 
impedance OF F-state. The 3-state output 
buffers are completely independent of the 
register operation; the OE,, transition does 
not affect the clock and reset operations. 


7293635 


Fig. 1 Pin configuration. 


CONDITIONS 


SYMBOL | PARAMETER 
propagation delay 
PHL CP to O, 23 | 22 [ns 
PLH MR to Oy 17. | 18 | ns 


maximum clock frequency 54 50 MHz 
cae ae aa 
power dissipation 


GND = OV; Tamb = 25 °C; ty = tp = 6 ns 


Notes 


1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL x VCC? x fo) where: 
fj = input frequency in MHz CL = output load capacitance in pF 


fo = output frequency in MHz Vcc = supply voltage in V 
2 (Ci x Vcc? x fo) = sum of outputs 
2. For HC the condition is Vj = GND to Vcc 


For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT173P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT173T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


)PINNO. | SYMBOL NAME AND FUNCTION 


output enable input (active LOW) 

3-state flip-flop outputs 

clock input (LOW-to-HIGH, edge-triggered) 
ground (0 V) 

clock enable inputs (active LOW) 


9, 10 

14, 13, 12, 11 
15 
16 


data inputs 


asynchronous master reset (active HIGH) 


positive supply voltage 


14 13 12 11 


Dg 01 Dg Dg 


OE4 
e OE2 


7293637 


Qo Q, Qo Q3 


7293636 


Fig. 2. Logic symbol. Fig. 3 IEC logic symbol. 
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— PC74HC/HCT173 
MSI 


FUNCTION TABLE 


INPUTS | OUTPUTS 
REGISTER OPERATING MODES 


reset (clear) 


parallel load 


hold (no change) 


peas rae] 03 


3-STATE BUFFER 
OPERATING MODES 


disabled 


HIGH voltage level 

HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition 
LOW voltage level 

LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 
lower case letters indicate the state of the referenced input (or output) 

one set-up time prior to the LOW-to-HIGH CP transition 

don’t care 

high impedance OF F-state 

LOW-to-HIGH CP transition 


| Qn, (register) | (register) | OE) 


7293638 


Fig. 4 Functional diagram. 


L ba 
, L L 
X H X 
Xx xX H 


i ot tt oo ot 


SNXxX OQ7TPIL 


7293642 


Fig. 5 Logic diagram. 
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Quad D-type flip-flop; positive-edge trigger; 3-state PC74HC/HCT173 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘“‘HCMOS family characteristics’, section “Family specifications”. 


Output capability: bus driver 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = OV; t,-= tt =6 ns; Cy = 50 pF 


‘ | TEST CONDITIONS 

SYMBOL | PARAMETER Vcc | WAVEFORMS 
V 
propagation delay 2.0 
CP to OQ 4.5 
ee 6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
45 
6.0 
2.0 
45 
6.0 
2.0 


Ow | oa 
oo; a 
i=) 


Propagation delay 
MR to Q, 


ol 
_ 


3-state output enable time 
OE, toQ, 


oe 
oo 


3-state output disable time 
OE, toQ, 


Output transition time 


clock pulse width 
HIGH or LOW 


-~-0;) WF 
moo; oo 


| tim 2.0 
remova e 45 


MR to CP 6.0 


set-up time nes 


E, to CP 6.0 


set-up time ri 


Dy, to CP 6.0 


: 2.0 
hold time 45 


E, to cP 6.0 


hold time 
Dy, to CP 


maximum clock pulse 
frequency 


pele re - 
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_PC74HC/HCT173 
Ms! 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘“‘HCMOS family characteristics”, section ‘Family specifications”. 


Output capability: bus driver 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


| UNIT LOAD 
INPUT | COEFFICIENT 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; t,= tp =6 ns; Cy = 50 pF 


poesia ponte (°C) TEST CONDITIONS 


ee 
SYMBOL | PARAMETER UNIT Veo WAVEFORMS 
—40 to +85 | -4010+125 | —40 to } 4010 +125 | 


tpHL/ propagation delay 
tPpLH CP to Q, 

propagation delay 
tpZH/ 3-state output enable time 
tpZL OE, to Qn, 
tpHz/ 3-state output disable time 
tpLz OE, to Op, 


clock pulse width 
HIGH or LOW 


master reset pulse 
width; HIGH 


set -up time 
to CP 


i. -up time 
n to CP 


hold time 
E, to CP 


hold time 
Dr to CP 
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Quad D-type flip-flop; positive-edge trigger; 3-state PC74HC/HCT173 
MSI 


AC WAVEFORMS 


MR INPUT 
CP INPUT 

CP INPUT 
Q, OUTPUT 


7293640 Q,, OUTPUT 


7293641 


Fig. 6 Waveforms showing the clock (CP) to output (Q,,) Fig. 7 Waveforms showing the master reset (MR) pulse width, 
propagation delays, the clock pulse width, the output the master reset to output (Q,) propagation delays and the 
transition times and the maximum clock pulse frequency. master reset to clock (CP) removal time. 


os | a “Z ' ' 


OUTPUT 
HIGH - to- OFF 
OFF -to- HIGH 
CP INPUT 


outputs —plg—._ outputs —___ »/«— outputs 7Z93761 
7293639 enabled disabled enabled 


Fig. 8 Waveforms showing the 3-state enable and disable Fig. 9 Waveforms showing the data set-up and hold times 
times. from input (E,, Dy) to clock (CP). 


Note to AC waveforms Note to Fig. 9 
(1) HC : Vay = 50%; V; = GND to Vcc. The shaded areas indicate when the input is permitted to 
HCT: Vpq= 1.3 V; Vy = GND to 3V. change for predictable output performance. 
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PC74HC/HCT 174 
MSI 


HEX D-TYPE FLIP-FLOP WITH RESET; POSITIVE-EDGE TRIGGER 


FEATURES 

Six edge-triggered D-type flip-fiops 
Asynchronous master reset 
Output capability: standard 

lcc category: MS! 


GENERAL DESCRIPTION 


The 74HC/HCT174 are high-speed Si-gate 
CMOS devices and are pin compatible with 
low power Schottky TTL (LSTTL). They 
are specified in compliance with JEDEC 
standard no. 7. 


The 74HC/HCT174 have six edge-triggered 
D-type flip-flops with individual D inputs 
and Q outputs. The common clock (CP) 
and master reset (MR) inputs load and reset 
(clear) all flip-flops simultaneously. 


The register is fully edge-triggered. The 
state of each D input, one set-up time prior 
to the LOW-to-HIGH clock transition, is 
transferred to the corresponding output of 
the flip-flop. 

A LOW level on the MR input forces all 
outputs LOW, independently of clock or 
data inputs. 

The device is useful for applications 
requiring true outputs only and clock and 
master reset inputs that are common to all 
storage elements. 


7283656 


Fig. 1 Pin configuration. 


TYPICAL 


CONDITIONS UNIT 


SYMBOL PARAMETER 

propagation delay 
iPH L/ CP to Q,, 
PLH MR to QO, 

maximum clock frequency 

eC a aCe 
power dissipation 

GND = 0 V; Tamb = 25 °C; ty = te = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in zW): 
Pp =Cppx Vcc? x fj + 2 (CL x VCC? x fo) where: 


fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
Zr (Cy x Voc? x fo) = sum of outputs 

2. For HC thecondition is Vj} = GND to VCC 


For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT174P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT174T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 
| PINNO. | SYMBOL NAME AND FUNCTION 
asynchronous master reset (active LOW) 


flip-flop outputs 


data inputs 


ground (0 V) 
clock input (LOW-to-HIGH, edge-triggered) 
positive supply voltage 


7299667 
7293658 


Fig. 2 Logic symbol. Fig. 3 1EC logic symbol. 
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PC74HC/HCT 174 
MSI 


~ 110 


4 6 11 13 14 
D a D a D a Da 
cP A cP a cP fF cp i 
Ea ees eal ead 
. ° ° ° 
ae Sa es eae 
CS (TR (7S (rn (7 


3 
D a 
FF 
cP f 
Rp 
e 
ae eee es ae Ms 


7293661 2 5 7 10 12 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


INPUTS OUTPUTS 


Lee Ee 
Ne ol 
HIGH voltage level 
HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition 
LOW voltage level 
LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 


don’t care 
LOW-to-HIGH CP transition 


Houiod dou ou 


7293660 


Fig. 5 Logic diagram. 


October 1985 


Hex D-type flip-flop with reset; positive-edge trigger 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘“HCMOS family characteristics’’, section ‘“Family specifications”. 


Output capability: standard 
lcc category: MSI 


AC CHARACTERISTICS FOR 74HC 


GND = OV; t,= ts =6 ns; CL = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HC 
SYMBOL | PARAMETER UNIT | Vec | WAVEFORMS 
+25 —40 to +85 | —40to +125 V 
min |e [ex min nmin [ mm 
170 215 255 2.0 
tpyL/ propagation delay 34 43 51 45 Fig. 6 
tPLH CP to Qn 29 37 43 6.0 
. 150 190 225 2.0 
PiSmayaLendeksy 30 38 45 45 | Fig. 7 
ee eT 26 33 38 6.0 
75 110 2.0 
15 22 4.5 Fig. 6 
13 19 6.0 
: 100 120 2.0 
clock pulse width 4 
her le] (Pl + ils 
master reset pulse 80 100 120 2.0 
tw width: HIGH 16 ra ns a Fig. 7 
removal time 2 20 
MR to CP : : ns Ba Fig. 7 
sap time 80 100 120 2.0 
tsu 16 20 24 4.5 Fig. 8 
Dp tok 14 17 20 6.0 
th hold time : : Z 
CP to Dy 5 5 5 
; 6 5 4 
‘ maximum clock pulse 30 4 0 
max 
frequency 35 28 24 
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PC74HC/HCT 174 
MSI 
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PC74HC/HCT 174 
MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘-HCMOS family characteristics”, section ‘Family specifications”. 


Output capability: standard 
Icc category: MS! 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


~ | UNIT LoaD 
INPUT | COEFFICIENT 


AC CHARACTERISTICS FOR 74HCT 


| GND =0V; ty = ty =6 ns; CL= 50 pF 


Tamb (°C) TEST CONDITIONS 
J4HCT 
UNIT | Voc | WAVEFORMS 


typ. 


ig. 6 


" propagation delay 
CP to Oy 


propagation delay _ 
vom [Papo] 
tTHL/ output transition time _ 
'TLH : 
clock pulse width 
HIGH or LOW 


t master reset pulse 
W width; HIGH 
\¢ removal time 
rem MR to CP 
t set-up time 
ese | Dp to CP 
t hold time 
h CP to Dy 
f | maximum clock pulse 
max frequency 


> 

ol 

a aL qn mn a 
e |e |e] 

oO ~ SJ Oo 
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Hex D-type flip-flop with reset; positive-edge trigger 


AC WAVEFORMS 


CP INPUT 


Q,, OUTPUT 


7293640 


Fig. 6 Waveforms showing the clock (CP) to output (Q,) 
propagation delays, the clock pulse width, the output 
transition times and the maximum clock pulse frequency. 


CP INPUT 


Q,, OUTPUT 


7293142 


Fig. 8 Waveforms showing the data set-up and hold times 
for the data input (D,). 


PC74HC/HCT 174 
MSI 


CP INPUT 


Q,, OUTPUT 


7293659 


Fig. 7 Waveforms showing the master reset (MR) pulse width, 
the master reset to output (Q,,) propagation delays and the 
master reset to clock (CP) removal time. 


Note to Fig. 8 
The shaded areas indicate when the input is permitted to 
change for predictable output performance. 


Note to AC waveforms 
(1) HC : Vxyq = 50%; V; = GND to Vcc. 
~ HCT: Vy =1.3V; V) = GND to 3V. 


October 1985 


PC74HC/HCT182 
MSI 


LOOK-AHEAD CARRY GENERATOR 


FEATURES 


® Provides carry look-ahead across a 
group of four ALU’s 

@ Multi-level look-ahead for high-speed 
arithmetic operation over long word 
length 

® Output capability: standard 


© Icc category: MSI 
GENERAL DESCRIPTION 


The 74HC/HCT 182 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT182 carry look-ahead 
generators accept up to four pairs of _ 
active LOW carry propagate (Po, P71, P2, 
P3) and carry generate (Go, G1, G2, G3) 
signals and an active HIGH carry input 
(Cy). The devices provide anticipated 
active HIGH carries (Ch+x, Cn+y, Cn+z) 
across four groups of binary adders. 


The ''182” also has active LOW carry 
propagate (P) and carry generate (G) 
outputs which may be used for further 
levels of look -ahead. 


The logic equations provided at the 
outputs are: 

Cn+x = Go + PQCn 

Cnty = G1 +P1GQ + P1POCn 

Ch+z = G2 +P2G1 + P2P1GQ + P2P1PQCn 
G =63+P3G2 +P3P2G] + P3P2P1Gq 
P = P3P2P 1Po 

The ’'182" can also be used with binary 
ALU’s in an active LOW or active HIGH 
input operand mode. The connections to 


and from the ALU to the carry look-ahead 
generator are identical in both cases. 


7293769 


Fig. 1 Pin configuration. 


TYPICAL 
CONDITIONS UNIT 
je | wor 


PARAMETER 


SYMBOL 


propagation delay 
Ph to P 

Cr to any output 
Ph or Gn 

to any output 


input capacitance 


! Ea 
power dissipation 


GND=OV; Tamb = 25 °C; tp = tf =6 ns 
Notes 


& 
on 


1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fj + = (CL x VCC? x fo) where: 
fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
Z (CL x Voc? x fo) = sum of outputs 
2. For HC thecondition is Vj = GND to Vcc 


For HCT the condition is Vj = GND to Vcc — 1.5 V 
ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT182P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT182T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


/PINNO. | SYMBOL NAME AND FUNCTION 


3, 1, 14,5 carry generate inputs (active LOW) 
4,2, 15,6 carry propagate inputs (active LOW) 
carry propagate output (active LOW) 
ground (0 V) 

function output 

carry generate output (active LOW) 


function output 
function output 
carry input (active HIGH) 
positive supply voltage 


7293770 


7293771 


Fig. 2 Logic symbol. 


IEC logic symbol. 
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PC74HC/HCT 182 
MSI 


7293772 


Fig. 4 Functional diagram. 


Chez 6 7293773 


Fig. 5 Logic diagram. 
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PC74HC/HCT182 
MSI 


Look-ahead carry generator 


FUNCTION TABLE 


= 
be = | 
Cc 
- 
” 


OUTPUTS 


[era | eh 


ae 


abe os) JE ra re 
ei 3ni2 ee 


~~ KKK | OH KKK KOK K | OO KK KK IX 


mioKK KE Oooo Ke UK KK 


See 


ee Or BS ake 


H = HIGH voltage level 
L = LOW voltage level 
X = don’t care 
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PC74HC/HCT 182 
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MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ’’Family specifications’’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 


GND =0 \V; ty = tf = 6 ns; CL = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HC . _ 
SYMBOL | PARAMETER UNIT. | Vcc | WAVEFORMS 


0 +85 
cs 
tPHL/ propagation delay 
tPLH Py to P 


tPpHL/ propagation delay 
tPLH Cpr to any output 


propagation delay 
PHL Pr or Gn 
PLH to any output 
tTHL/ 
tTLH 


output transition time 


October 1985 


Look-ahead carry generator 


MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘’’HCMOS family characteristics’, section ‘Family specifications”. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc¢) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


Go, G1, Po, P1, P2 
G 


G3 _ 
G2, P3, Cy 


AC CHARACTERISTICS FOR 74HCT 


GND = 0 V; ty = tf = 6 ns; CL = 50 pF 


Tamb (°C) 
74HCT 
SYMBOL | PARAMETER 
—40 to +85 | —40 to +125 
Soc 
tpHL/ propagation delay 
tpLH Pn to P 


tpHL/ propagation delay 
tPLH Cp to any output 


TEST CONDITIONS 


propagation delay 
Pryor Ch 
to any output 


OUTPUT 


7293774 trHL ee! he 


Fig. 6 Waveforms showing the input (Ph, Cn, Gn) to 
any output propagation delays and the output 
transition times. (1) HC : Vyq = 50%; V; = GND to Vcc. 


HCT: Vy = 1.3V; Vj = GND to 3V. 


Note to AC waveforms 
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PC74HC/HCT 182 
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PC74HC7266 
SSI 


QUAD 2-INPUT EXCLUSIVE-NOR GATE 


TYPICAL 
SYMBOL | PARAMETER CONDITIONS UNIT 
tPHL/ propagation delay C, = 15 pF ” 
tPLH nA, nB to nY Vec=5V ns 
C 


input capacitance ae 
power dissipatio a ce cai ales 
“re Capacitance per gate 18 


GND = 0V; Tamb = 25 °C; ty = te = 6 ns 


FEATURES 


@ Output capability: standard 
e lec category: SSI 


GENERAL DESCRIPTION 


The 74HC7266 are high-speed 

Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC7266 provide the 
EXCLUSIVE-NOR function with active 
push-pull output. 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL x VCC? x fo) where: 


fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
Z (Cy x Vec? x fg) = sum of outputs 


2. For HC thecondition is Vj} = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC7266P: 14-lead DIL; plastic (SOT-27). 
PC74HC7266T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


| PINNO. | SYMBOL NAME AND FUNCTION 


1,5, 8, 12 1A to 4A data inputs 
2,6,9, 13 1B to 4B data inputs 
3, 4, 10, 11 1Y to 4Y data outputs 


GND 
Vcc 


7 
14 


ground (0 V) 
positive supply voltage 


7293388 7293389 7293390 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC7266 
SSI 


7293389 


Fig. 4 Functional diagram. 


October 1985 


FUNCTION TABLE 


INPUTS OUTPUT 


7Z93391 


H = HIGH voltage level 
L = LOW voltage level 


Fig. 5 Logic diagram (one gate). 


Quad 2-input EXCLUSIVE-NOR gate 


PC74HC7266 
SSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications”. 


Output capability: standard 
Icc category: SSI 


AC CHARACTERISTICS FOR 74HC 


GND =OV;t, = t¢=6ns;C; = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HC 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 


a ame oousl |e 


tpHL/ propagation delay ra Fig. 6 
tPLH nA,nB to nY 60 a 
t / 2.0 
THL output transition time 4.5 Fig. 6 
tTLH 6.0 

AC WAVEFORMS 


nA, nB INPUT 


nY OUTPUT 


7293633 


Fig. 6 Waveforms showing the input (nA, nB) 
to output (nY) propagation delays and the Note to AC waveforms 
output transition times. (1) HC : Vy = 50%; V) = GND to Vcc. 


HCT: Vy = 1.3V; Vj = GND to 3V. 
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PC74HC/HCT365 
MSI 


HEX BUFFER/LINE DRIVER; 3-STATE 


FEATURES 


@ Non-inverting outputs 
@ Output capability: bus driver 
© Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT365 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 
The 74HC/HCT365 are hex non-inverting 
buffer/line drivers with 3-state outputs. 
The 3-state outputs (nY) are controlled by 
the output enable inputs (OE, OE9). 

A HIGH on OE, causes the outputs to 
assume a high impedance OF F-state. 

The 365” is identical to the ‘’366" but 
has non-inverting outputs. 


7293672 


Fig. 1 Pin configuration. 


TYPICAL 
SYMBOL PARAMETER CONDITIONS 
we | wer 
tpHL/ propagation delay C, = 15 pF 
tPLH nA to nY Vcc =5V 
cs [menses | fa | as 
power dissipation 


GND = 0V; Tamb = 25 OC; tr = tf = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fj + = (CL x VCC? x fo} where: — 
fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
x (Ci x Vcc? x fo) = sum of outputs 
2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT365P: 16-lead DIL; plastic (SOT-382Z). 
PC74HC/HCT365T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


|PINNO. SYMBOL NAME AND FUNCTION 


1, 15 OE, OE2 output enable inputs (active LOW) 
ay rrr | AO GA data inputs 

at 7,9, 11, 1Y to 6Y data outputs 

8 GND ground (0 V) 


16 Vcc positive supply voltage 


7293680 7293676 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT365 
MSI 


FUNCTION TABLE 


INPUTS OUTPUT 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

Z = high impedance OF F-state 


7293681 


Fig. 4 Functional diagram. 


ONE BUFFER/LINE DRIVER 


SIX IDENTICAL CIRCUITS 7293851 


Fig. 5 Logic diagram. 
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Hex buffer/line driver; 3-state 


PC74HC/HCT365 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘“HCMOS family characteristics’, section ‘Family specifications’’. 


Output capability: bus driver 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 


GND =OV; t, = tf =61ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HC 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
+25 —40 to +85 | —40 to +125 V | 
max. 


typ. | min. max. 
110 140 165 
tpHL/ propagation delay 22 28 33 ns 
tPLH nA to nY 19 24 28 ‘ 
225 2.0 
45 ns 4.5 | Fig. 7 
38 6.0 


150 190 
tPZH/ 3-state output enable time 30 38 
tPZ OEn to nY 6 33 
; 2.0 
tPHZ/ 3-state output disable time 4.5 | Fig.7 
tPLZ OEp to nY 60 


, 60 
'THL output transition time 12 
tTLH 10 


DC CHARACTERISTICS FOR 74HCT 


90 2.0 
18 ns 4.5 | Fig.6 
15 6.0 


For the DC characteristics see chapter ‘’’HCMOS family characteristics’, section ‘Family specifications’’. 


Output capability : bus driver 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc¢) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 
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PC74HC/HCT365 


MSI 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; tr = tf = 6 ns; CL = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
V 


+25 —40 to +85 | —40 to +125 
tPHL/ propagation delay 

tPLH nA to nY 

tpZ2H/ 3-state output enable time 
tpZL OEp tony 


tpHz2/ 3-state output disable time 
tpLz OEn to nY 

tTHL/ output transition time 
tTLH 


AC WAVEFORMS 


nA INPUT 


OUTPUT 
LOW- to- OFF 
OFF -to- LOW 


nY OUTPUT 


OUTPUT 
HIGH - to- OFF 


7293690 
OFF -to- HIGH 


Outputs —plg——— Outputs —__»|q— outputs 
7293691 enabled disabled enabled 


Fig. 7 Waveforms showing the 3-state enable 
and disable times. 


Fig. 6 Waveforms showing the input (nA) 
to output (nY) propagation delays and 
the output transition times. 


Note to AC waveforms 
(1) HC : Vy = 50%; Vy = GND to Vcc. 
HCT: Vy = 1.3 V; Vj = GND to 3 V. 
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PC74HC/HCT366 
MS! 


HEX BUFFER/LINE DRIVER; 3-STATE; INVERTING 


FEATURES 


@ inverting outputs 
@ Output capability: bus driver 
. lec category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT366 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT366 are hex inverting 
buffer/line drivers with 3-state outputs. 
The 3-state outputs (nY) are controlled 


by the output enable inputs (OE 7, OE2). 


A HIGH on OE,, causes the outputs to 
assume a high impedance OF F-state. 


The “366” is identical to the 365” but 
has inverting outputs. 


7293673 


Fig. 1 Pin configuration. 


SYMBOL PARAMETER CONDITIONS 
tpHL/ propagation delay CL = 15 pF 
tPLH nA to nY . 

C 


Vcc =5V 
input capacitance 
a power dissipation 
CPD Capacitance per buffer 


GND =0V; Tamb = 25 °C; t; = tf = 6 ns 


notes 1 and 2 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fj + = (CL x VCC? x fo} where: 


fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz Vcc = supply voltage in V 
Z (Ci x Vcc? x fy) = sum of outputs 

2. For HC thecondition is Vj = GND to Vcc 


For HCT the condition is Vj} = GND to Vcc — 1.5 V 
ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT366P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT366T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


| PINNO, SYMBOL NAME AND FUNCTION 


1, 15 OEj, OE2 


2,4, 6, 10, 12, 1A to 6A 
14 
3,5, 7,9, 11, 
13 
8 GND ground (0 V) 


16 positive supply voltage 


output enable inputs (active LOW) 


data inputs 


1¥ to 6Y data outputs 


7293682 7293677 


Fig. 2 Logic symbol. 


Fig. 3 !EC logic symbol. 
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PC74HC/HCT366 
MSI 


FUNCTION TABLE 


INPUTS OUTPUT 
ree [oe [| 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

Z = high impedance OFF-state 


7293683 


Fig. 4 Functional diagram. 


ONE BUFFER/LINE DRIVER 


SIX IDENTICAL CIRCUITS 7293852 


Fig. 5 Logic diagram. 
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PC74HC/HCT366 
MSI 


Hex buffer/line driver; 3-state; inverting 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘-HCMOS family characteristics’, section ‘Family specifications’’. 


Output capability: bus driver 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 


GND = OV; ty = tf = 6 ns; CL = 50 pF 


‘ TEST CONDITIONS 
SYMBOL | PARAMETER UNIT WAVEFORMS 
V 
2.0 
tpHL/ propagation delay 45 | Fig.6 
tPLH nA to nY 6.0 ; 
; 2.0 
tpZH/ 3-state output enable time 45 | Fig.7 
tPZL OEn to nY 6.0 ; 
: ; 2.0 
tPHZ/ 3-state output disable time 45 |.Fig.7 
tPLZ OEn to nY 6.0 , 
2.0 
tTHL/ output transition time 4.5 | Fig.6 
tTLH 6.0 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ’"HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: bus driver 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


OE 1.00 
OE 0.90 
1.00 
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PC74HC/HCT366 


132 


MSI 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; ty = tf = 6 ns; C_ = 50 pF 


Tamb (°C) TEST CONDITIONS | 
74HCT 
UNIT| Vcc | WAVEFORMS 
—40 to +85 | —40 to +125 V 


SYMBOL | PARAMETER 


tpHL/ propagation delay 

tpLy nA to nY 

tpzy/ 3-state output enable time 
tpZ. OEn to nY 

tpHz/ 3-state output disable time 
tpLz OEn to nY 

'THL/ output transition time 
tTLH 


AC WAVEFORMS 


nA INPUT 


OUTPUT 
LOW -to-OFF 
OFF - to- LOW 


n¥ OUTPUT 


OUTPUT 
HIGH -to-OFF 
OFF -to- HIGH 


7293689 


Outputs —pig——. Outputs —___»|q— outputs 
enabled disabled enabled 


7293691 


Fig. 6 Waveforms showing the input (nA) 
to output (nY) propagation delays and 
the output transition times. 


Fig. 7 Waveforms showing the 3-state enable 
and disable times. 


Note to AC waveforms 
(1) HC : Viy = 50%; Vy = GND to Vcc. 
HCT: Vy =1.3V; Vj = GND to 3V. 
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PC74HC/HCT367 
MSI 


HEX BUFFER/LINE DRIVER; 3-STATE 


FEATURES 


@ Non-inverting outputs 
@ Output capability: bus driver 
® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT367 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL(LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 
The 74HC/HCT367 are hex non-inverting 
buffer/line drivers with 3-state outputs. 
The 3-state outputs (nY) are controlled 
by the output enable inputs (10E, 20E). 
A HIGH on nOE causes the outputs to 
assume a high impedance OF F-state. 


The 367” is identical to the 368” but 
has non-inverting outputs. 


7293674 


Fig. 1 Pin configuration. 


| TYPICAL | 
SYMBOL PARAMETER . CONDITIONS UNIT 
a ae 
tpHL/ propagation delay CL = 15 pF 
tPLH nA to nY Vcc =5V 


Ca 
C power dissipation 
PD capacitance per buffer 


GND = OV; Tamb = 25 °C; t, = t¢ = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in nW): 
Pp =Cpp x Vcc? x fi + 2 (CL x Vcc? x fo) where: 


fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
Z (Cy x Vcc? x fo) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT367P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT367T: 16-lead mini-pack; plastic (SO-16; SOT- 109A). 


PIN DESCRIPTION 


/PINNO, SYMBOL NAME AND FUNCTION 


1,15 10E, 20E output enable inputs (active LOW) 
a 6, 10, 12, 1A to 6A data inputs 

ae 719,11, | ay to 6Y data outputs 

8 GND ground (0 V) 


16 positive supply voltage 


Vcc 


7293684 7293678 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT367 
MSI 


FUNCTION TABLE 


INPUTS OUTPUTS 
noe | mwa] 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

Z = high impedance OF F-state 


7293685 


Fig. 4 Functional diagram. 


ONE BUFFER/LINE DRIVER 


SIX IDENTICAL CIRCUITS 7293853 


Fig. 5 Logic diagram. 


134 ~ October 1985 


Hex buffer/line driver; 3-state 


MS! 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ’“HCMOS family characteristics’’, section ‘’Family specifications’’. 


Output capability: bus driver 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V; ty = tf = 6 ns; CL = 50 pF 


Tamb (°C) 
74HC 
SYMBOL | PARAMETER UNIT 
+25 —40 to +85 | —40 to +125 


tPHL/ propagation delay ey 

tPLH nA to nY oa 

tPZH/ 3-state output enable time = 
tPZL nOE to nY 3 


TEST CONDITIONS 


WAVEFORMS 


Vv 

2.0 

4.5 | Fig. 6 
6.0 


tPHZ/ 3-state output disable time 
tPLZ nOE to nY 

tTHL/ 
tTLH 


DC CHARACTERISTICS FOR 74HCT 


output transition time 


For the DC characteristics see chapter ‘’HCMOS family characteristics’’, section ’’Family specifications”. 


Output capability: bus driver 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is givenin the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


INPUT 


—_—_—_— 


1.00 
0.90 
1.00 
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PC74HC/HCT367 
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PC74HC/HCT367 
MSI 


AC CHARACTERISTICS FOR 74HCT 


GND =0\V; ty = tf = 6 ns; Cy. = 50 pF 
Tamb (°C) TEST CONDITIONS 
SYMBOL | PARAMETER 


tPHL/ propagation delay 

tPLH nA to nY 

tpz7H/ 3-state output enable time 
tp2. nOE to nY 


tpHz/ 
tPLZ 


AC WAVEFORMS 


nA INPUT 


OUTPUT 
LOW- to- OFF 
OFF -to- LOW 


nY OUTPUT 


OUTPUT 
7293690 HIGH - to- OFF 
OFF -to- HIGH 


Outputs —plg——— Outputs —»].q-— outputs 
7Z93688 enabled disabled enabled 


Fig. 6 Waveforms showing the input (nA) Fig. 7 Waveforms showing the 3-state enable 
to output (nY) propagation delays and and disable times. 
the output transition times. 


Note to AC waveforms 
(1) HC : Vy = 50%; Vj = GND to Vcc. 
HCT: Vw = 1.3 V; Vy = GND to 3 V. 
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PC74HC/HCT368 
MSI 


HEX BUFFER/LINE DRIVER; 3-STATE; INVERTING 


FEATURES 


@ Inverting outputs 
@ Output capability: bus driver 
®@ Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT368 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT368 are hex inverting 
buffer/line drivers with 3-state outputs. 
The 3-state outputs (nY) are controlled 


by the output enable inputs (10E, 20E). 


A HIGH on nOE causes the outputs to 
assume a high impedance OF F-state. 


The *‘368” is identical to the 367’ but 
has inverting outputs. 


7293675 


Fig. 1 Pin configuration. 


TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 
oc 
tpHL/ propagation delay Cy = 15 pF 3 ; 
tPLH nA to nY Vec=5V 
Cg co CT 
power dissipation 


GND = OV; Tamb = 25 °C; t, = t¢ = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in nW): 
Pp = Cpp x Vcc? x fj + = (CL x VCC? x fo) where: 


fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
x (CL x Voc? x fg) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT368P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT368T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


/PINNO. | SYMBOL NAME AND FUNCTION 


1,15 10E, 20E output enable inputs (active LOW) 


2, 4, 6, 10, 12, 
14 


3,5, 7,9, 11, 
13 


8 GND ground (0 V) 
16 positive supply voltage 


1A to 6A data inputs 


1¥ to 6Y data outputs 


7293686 7293679 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 


October 1985 137 


PC74HC/HCT368 
Msi 


FUNCTION TABLE 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

Z = high impedance OFF-state 


7293687 


Fig. 4 Functional diagram. 


ONE BUFFER/LINE DRIVER 


SIX IDENTICAL CIRCUITS 7293854 


Fig. 5 Logic diagram. 
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PC74HC/HCT368 
MSI 


Hex buffer/line driver; 3-state; inverting 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter “HCMOS family characteristics’, section “Family specifications”. 


Output capability: bus driver 
icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V; ty = t¢ = 6 ns; CL = 50 pF 


tse __ PT (PC) TEST CONDITIONS 


PH 
SYMBOL | PARAMETER ~ nee Yee WAVEFORMS 
max. a 


; 120 145 
tPHL/ propagation delay 24 ri Fig. 6 
tPLH nA to nY 20 6.0 


tPHZ/ 3-state output disable time 
tPLZ nOE to nY 

tTHL/ 
tTLH 


DC CHARACTERISTICS FOR 74HCT 


output transition time 


150 
tpZH/ 3-state output enable time 30 
tPZL nOE to nY 26 


For the DC characteristics see chapter ‘'HCMOS family characteristics’, section ‘Family specifications’’. 


Output capability: bus driver 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT | COEFFICIENT 


10E 1.00 


20E 0.90 
nA 1.00 
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PC74HC/HCT368 


MSI 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; ty = tf = 6 ns; CL = 50 pF 


| Tamb (°C) . 
| . 74HCT : 
SYMBOL | PARAMETER 
[40 0 +125 | 
typ. 


tPHL/ propagation delay 

tPLH nA to nY 

tpZH/ 3-state output enable time 
tPZL. nOE to nY 


TEST CONDITIONS 


tpHz/ 3-state output disable time 
tpLz nOE to nY 


t 
ae output transition time 


AC WAVEFORMS 


nA INPUT 


OUTPUT 
LOW - to- OFF 
OFF -to- LOW 


n¥Y OUTPUT 


OUTPUT 
HIGH - to-OFF 


7293689 OFF -to- HIGH 


Outputs —plqg————— Outputs —__»/<— outputs 
7293688 enabled disabled enabled 


Fig. 7 Waveforms showing the 3-state enable 
and disable: times. 


Fig. 6 Waveforms showing the input (nA) 
to output (nY) propagation delays and 
the output transition times. 


Note to AC waveforms 
(1) HC : Vy = 50%; Vj = GND to Vcc. 
HCT: Vy =1.3V; V; =GND to3V. 
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DUAL DECADE RIPPLE COUNTER 


FEATURES 


@ Two BCD decade or bi-quinary 
counters 

@ One package can be configured 
to divide-by-2, 4,5, 10, 20, 25, 
50 or 100 

@ Two master reset inputs to clear 
each decade counter individually 

@ Output capability: standard 

® icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT390 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT390 are dual 4-bit 

decade ripple counters divided into four 
separately clocked sections. The counters 
have two divide-by-2 sections and two 
divide-by-5 sections. These sections are 
normally used in a BCD decade or 
bi-quinary configuration, since they share 
a common master reset input (nMR). 

If the two master reset inputs (IMR and 
2MR) are used to simultaneously clear 
all 8 bits of the counter, a number of 
counting configurations are possible 
within one package. The separate clocks 
(nCPg and nCP4) of each section allow 
ripple counter or frequency division 
applications of divide-by-2, 4, 5, 10, 20, 
25, 50 or 100. 


(continued on next page) 
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Fig. 1 Pin configuration. 


PC74HC/HCT390 
MSI 


TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 
HC HCT 


propagation delay 
nCPg to nog 14 17 ns 
nCP4 to nQ; 15 18 ns 
tpHL/ nCP; to nQ2 21 26 ns 
tPLH nCP 1 to nQ3 15 18 ns 
nCPq to nQ4 32 | 39 ns 
MR to OQ, 16 18 ns 

maximum clock frequency 

EEE 

power dissipation 


GND = 0 V; Tamb = 25 °C; t, = tp = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in nW): 
Pp =Cpp x Vcc? x fi + = (CL x Vcc’ x fo) where: 
fj input frequency in MHz CL output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
2 (Ci x Vcc? x fg) = sum of outputs 


2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT390P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT390T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


7293776.1 


7293777 


Fig. 3 IEC logic symbol. 


Fig. 2 Logic symbol. 
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PC74HC/HCT390 
MSI 


$2 


COUNTER i 
J 


al | ote fe 
COUNTER inQg| 7, 


7Z83778 


Fig. 4 Functional diagram. 


PIN DESCRIPTION 


1CPo, 2CPo 


NAME AND FUNCTION 


clock input divide-by-2 section (HIGH-to-LOW, 
edge-triggered) 


asynchronous master reset inputs (active HIGH) 
flip-flop outputs 


clock input divide-by-5 section (HIGH-to-LOW, 
edge triggered) 


IMR, 2MR 


109 to 103 
1CP4, 2CPy 


GND ground (0 V) 
13, 11, 10, 9 209 to 203 flip-flop outputs 
16 Vcc positive supply voltage 


BCD COUNT SEQUENCE FOR BI-QUINARY COUNT SEQUENCE 
1/2 THE 390” FOR 1/2 THE 390” 


OUTPUTS OUTPUTS 
COUNT 


COUN 


i 


ee es e 
Serre 2 
rrzrzirereer ie 
Torre rereeocrer e| 
eovennense 

reomrereretairr 8 
Treereritererere 8! 


pe ms ves mee Ge ae ee ee 


 aoaaee Pi comms 0 ae ae eels a 2 


OOnNODCHPWN oO 


Note 


Output Qo connected to nCPy with 
counter input on nCPo. 


Note 


Output Q3 connected to nCPg with 
counter input on nCP4. 


H = HIGH voltage level 
L = LOW voltage level 
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GENERAL DESCRIPTION (Cont’d.) 


Each section is triggered by the HIGH-to- 
LOW transition of the clock inputs 
(nCPo and nCP 4). 

For BCD decade operation, the nOg 
output is connected to the nCP input of 
the divide-by-5 section. For bi-quinary 
decade operation, the nQ3 output is 
connected to the nCPq input and nOg 
becomes the decade output. 


The master reset inputs (1MR and 2MR) 
are active HIGH asynchronous inputs to 
each decade counter which operates on 
the portion of the counter identified by 
the ‘’1'' and “2” prefixes in the pin 
configuration. A HIGH level on the nMR 
input overrides the clocks and sets the 
four outputs LOW. 


PC74HC/HCT390 
MSI 


Dual decade ripple counter 


Fig. 5 Logic diagram 
(one counter). 


Qg Qy Q2 7293779 Q3 
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PC74HC/HCT390 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section “Family specifications’’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = OV; ty = te = 6 ns; C, = 50 pF 


TEST CONDITIONS 


pam PC) ( pam PC) 
pA 


SYMBOL | PARAMETER 


+25 —— | —40 to +85 | —a0t0 +125 | +85 | —40 to +125 


a 
145 180 on 2.0 
29 36 4.5 
25 31 6.0 


propagation delay 
nCPqg to nQg 


a 
= 
o 


propagation delay 
nCP; to nQy 


2.0 
45 | Fig.6 
6.0 
2.0 
45 | Fig.6 
6.0 
2.0 
45 | Fig.6 
6.0 
2.0 
4.5 | Fig.7 
6.0 
2.0 
4.5 
6.0 


propagation delay 
nCP, to nQo 


Ss 
hAN 
OnNwW 
a 


propagation delay 
nCP; to nQ3 


propagation delay 
nMR to nO, 


zd, 
© 
oO 


Output transition time 


© 


clock pulse width 


AN 
ooo 


—> ma 
ow 
NON = 
Poa 
oO 
> O1 
| feBE ne 


W nCPo, nCPy 
; 100 
master reset pulse width : 
tw nMR 20 Fig. 7 
17 
removal time __ 3 i. Fig. 7 
nMR to nCP,, 13 16 ; 
maximum clock pulse 5 4 
fmax frequency 27 22 Fig. 6 
nCPo, nCP 4 32 25 
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Dual decade ripple counter 


PC74HC/HCT390 
MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications”. 
Output capability: standard 


Icc category: MSI 
Note to HCT types 


The value of additional quiescent supply current (Alqc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT COEFFICIENT 


nCPg 0.45 
nCPy,nMR | 0.60 


AC CHARACTERISTICS FOR 74HCT 


GND = OV; t, = ts = 6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Voc | WAVEFORMS 
—40 to +85 | —40 to +125 V 


tpyi/ propagation delay 
tPLH nCPo to nQg 
tpy/ propagation delay 
tPLH nCP; to nQ4 
tpHL/ propagation delay 
tPpLH nCP, to nQ9 
tpHL/ propagation delay 
tPLH nCP; to nQ3 
tpHL/ propagation delay 
tPLH nMR to nQ, 
tTHL! output transition time 
‘TLH 

clock pulse width 
Ww nCPo, nCPy 

0 
f 


| 


master reset pulse width 
t removal time 
rem nMR to nCP,, 


maximum clock pulse 
frequency 
max 
nCPo, nCPy 


= 
<= 
N 


18 


RO 
~ 


 esalhawibcisheesd scone sas bcellicettcn tt 
TG 


NO NO 
NO ™~ 
N ~N N 
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PC74HC/HCT390 
MSI 


AC WAVEFORMS 


nCP,, INPUT 


nQ,, OUTPUT 


7293781 


Fig. 6 Waveforms showing the clock (nCP,,) to 
output (nQ,,) propagation delays, the clock pulse width, 


the output transition times and the maximum clock frequency. 


Note to AC waveforms 
(1) HC : Vyy = 50%; V; = GND to Vcc: 
HCT: Vy = 1.3 V; Vj = GND to 3V. 
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. nMR INPUT 


nCP,, INPUT 


nQ,, OUTPUT 


7293780. 


Fig. 7 Waveforms showing the master reset (NMR) pulse width, 
the master reset to output (nQ,,) propagation delays and 
the master reset to clock (nCP,,) removal time. 


PC74HC/HCT564 
MSI 


OCTAL D-TYPE FLIP-FLOP; POSITIVE-EDGE TRIGGER; 3-STATE; INVERTING 


FEATURES 


@ 3-state inverting outputs for 
bus oriented applications 
® 8-bit positive-edge triggered 
register 
® Common 3-state output enable input 
@ Independent register and 3-state 
buffer operation 
@ Output capability: bus driver 
® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT564 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT564 are octal D-type 
flip-flops featuring separate D-type inputs 
for each flip-flop and inverting 3-state 
outputs for bus oriented applications. _ 
A clock (CP) and an output enable (OE) 
input are common to all flip-flops. 


The 8 flip-flops will store the state of 
their individual D-inputs that meet the 
set-up and hold times requirements on the 
LOW-to-HIGH CP transition. 

When OE is LOW, the contents of the 

8 flip-flops are available at the outputs. 
When OE is HIGH, the outputs go to the 
high impedance OFF-state. Operation of 
the OE input does not affect the state of 
the flip-flops. 


The “564” is functionally identical to 
the 574”, but has inverting outputs. 
The 564” is functionally identical to 
the 534’, but has a different pinning. 


7293782 


Fig. 1 Pin configuration. 


| TYPICAL | 
SYMBOL PARAMETER CONDITIONS UNIT 
pre | wer | 
tpHL/ Propagagion ee | 15 
tpLH ee | to Op, 
maximum clock frequency 


So. eee input input capacitance | 
power dissipation — 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 
Pp =Cpp x Vcc? x fj + = (CL x Vcc? x fo) where: 
fj = input frequency in MHz CL = output load capacitance in pF 


fo = output frequency in MHz VCC = supply voltage in V 
Z (CL x Vcc? x fo) = sum of outputs 
2. For HC thecondition is Vj = GND to VCC 


For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT564P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT564T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


PIN DESCRIPTION 


}PINNO. | SYMBOL NAME AND FUNCTION 


3-state output enable input (active LOW) 


data inputs 


ground (0 V) 
clock input (LOW-to-H!IGH, edge-triggered) 


19, 18, 17, 16, 
15, 14, 13, 12 


20 


3-state flip-flop outputs 


positive supply voltage 


7293783 7293784 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT564 


MSI 


FUNCTION TABLE 


INTERNAL 
FLIP-FLOPS 


H = HIGH voltage level 

h = HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition 
L = LOW voltage level 

| = LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 
7293785 Z = high impedance OF F-state 

+ = LOW-to-HIGH clock transition 


Fig. 4 Functional diagram. 


7287462 


Fig. 5 Logic diagram. 
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Octal D-type flip-flop; positive-edge trigger; 3-state; inverting PC74HC/HCT564 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications”. 


Output capability: bus driver 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V:t,= ty =6 ns; Cy = 50 pF 


TEST CONDITIONS 
SYMBOL | PARAMETER WAVEFORMS 


propagation delay 
CP to 0, 


3-state output enable time 


OE to Gy 


OPN! ALAN < 
ono;/ouo <@ 


3-state output disable time 
OE to Q, 


output transition time 
dt pe wt | 


set-up time 
Dp, to CP 


hold time 
D, to CP 


maximum clock pulse 
frequency 
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PC74HC/HCT564 
MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section ‘Family specifications”. 


Output capability: bus driver 
Icc category: MSI 


Note to HCT types 
The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT | COEFFICIENT 


0.80 
oe toD7| 0.25 
cP 1.00 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; t= tg =6 ns; Cy = 50 pF 


[Feet Tam PC) | °c) TEST | TEST CONDITIONS —_ | 
a 
SYMBOL | PARAMETER UNIT Veo WAVEFORMS 
=eetehrlete 


t clock pulse width 
Ww HIGH or LOW 
t set-up time 
SU Dy to CP 
hold time 
Dy to CP 
maximum clock pulse 
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Octal D-type flip-flop; positive-edge trigger; 3-state; inverting PC74HC/HCT564 
MSI 


AC WAVEFORMS 


CP INPUT 


7293787 


CP INPUT 


7293788 


Fig. 7 Waveforms showing the data set-up and hold times 


Fig. 6 Waveforms showing the clock (CP) to output (0,,) 
for the data input (Dj). 


propagation delays, the clock pulse width, the output 
transition times and the maximum clock pulse frequency. 
Note to Fig. 7 

The shaded areas indicate when the input is permitted to 
change for predictable output performance. 


OE INPUT 


OUTPUT 
LOW-to-OFF 
OFF -to- LOW 


OUTPUT 
HIGH - to-OFF 
OFF -to- HIGH 


OUTPUTS —plq———_. Outputs plage Outputs 
7293786 enabled disabled enabled 


Fig. 8 Waveforms showing the 3-state enable and disable 
times. 


Note to AC waveforms 
(1) HC : Vy = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3V; Vj = GND to 3V. 
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PC74HC/HCT7597 
MSI 


8-BIT SHIFT REGISTER WITH INPUT LATCHES 


FEATURES 


® 8-bit parallel input latches 

@ Shift register has direct overriding 
load and clear 

® Output capability: standard 

® icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT7597 are high-speed Si-gate 
CMOS devices and are pin compatible with 
low power Schottky TTL (LSTTL). They 
are specified in compliance with JEDEC 
standard no. 7. 

The 74HC/HCT7597 both consist of an 
8-bit storage latch feeding a parallel-in, 
serial-out 8-bit shift register. 

When LE is HIGH, data at the Dj, inputs 
enter the latches. In this condition the 
latches are transparent, i.e. a latch output 


will change state each time its corresponding 


D-input changes. 
When LE is LOW the latches store the 


information that was present at the D-inputs, 


a set-up time preceding the HIGH-to-LOW 
transition of LE. 


The shift register has a positive edge- 
triggered clock, direct load (from storage) 
and clear inputs. 


7293802 


Fig. 1 Pin configuration. 


TYPICAL 
UNIT 


SYMBOL PARAMETER 


CONDITIONS 


propagation delay 
SHcp to Q 
LE toQ 
PL to Q 
D7 to Q 


f maximum clock frequency 
max SHcp 


power dissipation 
capacitance per package 


GND = OV; Tamb = 25 °C; ty = tz = 6 ns 

Notes 

1. Cpp is used to determine the dynamic power dissipation (Pp in pW): 
Pp =Cpp x Vcc? x fj + = (CL x VCC’ x fo) where: 


output load capacitance in pF 
supply voltage in V 


f; = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
x (Ci x Vcc? x fo) = sum of outputs 
2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 
ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT7597P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT7597T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


/PINNO. | SYMBOL NAME AND FUNCTION 


ground (0 V) 
serial data output 


asynchronous reset input (active LOW) 

shift clock input (LOW-to-HIGH, edge-triggered) 
latch enable input (active HIGH) 

parallel load input (active LOW) 

serial data input 


parallel data inputs 


positive supply voltage 


8- BIT 
SHIFT 
REGISTER 


INPUT 
LATCHES 


7293803 7293804 


ig. 3 1EC logic symbol. 


Fig. 2 Logic symbol. 
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PC74HC/HCT7597 
MSI 


FUNCTION TABLE 


FUNCTION 
data loaded to input latches 
data loaded from inputs to shift register 


sored data loaded to shift register 
8-BIT data transferred from input latches to 
SHIFT shift register 


REGISTER 


invalid logic, state of shift register 
indeterminate when signals removed 
shift register cleared 


shift register clocked 
Qn = Qn-1, Q9= Ds 


H = HIGH voltage level 

L = LOW voltage level 

X=don't care . 

t = LOW-to-HIGH CP transition 


Fig. 4 Functional diagram. 
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8-bit shift register with input latches PC74HC/HCT7597 
MSI 


YVYIY 
“fo 
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ime 
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Icik: 
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5 68 | 
re 
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7H 
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7 


5 


5 


= 
4 


7Z93813 


Fig. 5 Logic diagram. 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section ‘Family specifications’. 


Output capability: standard 
Icc category: MSI 
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PC74HC/HCT7597 
MSI 


AC CHARACTERISTICS FOR 74HC 
GND =0V;t-= te =6 ns; C, = 50 pF 


TEST CONDITIONS 


ot 
~J 
= |Z 
< Pt 
‘?) ° 
9 


removal time 
MR to PL 


SYMBOL | PARAMETER UNIT | Vec | WAVEFORMS 
in| tym, | rom | ein | em [| mm 
175 220 265 2.0 
tpy/ propagation delay 35 44 53 45 | Fig.6 
tPLH SHcp to Q 30 37 45 6.0 
wm. _| Propaaition ea ri a ee 
PHL MR to Q 30 37 45 6.0 : 
250 315 375 2.0 
propagation delay 50 63 75 45 Fig. 8 
LE toQ | 43 54 64 6.0 
190 240 285 2.0 
propagation delay 38 48 57 45 Fig. 9 
PLtoQ 32 41 48 6.0 
190 — 240 285 2.0 
propagation delay 38 48 57 4.5 Fig. 10 
D7 toQ 32 41 48 6.0 
75 110 2.0 
output transition time 15 22 4.5 Fig. 9 
13 19 6.0 
, 80 100 120 2.0 
SHcp pulse width 
tw 16 20 24 4.5 Fig. 6 
AGH bce 14 + 17 20 6.0 
tee LE pulse width fe bd ace 
HIGH 14 17 6.0 
Seaclas 2.0 
MR pulse width ‘ 
ci EL |e |e | 
_ 80 100 2.0 
PL pulse width 
saree EL | PL BT | | i 
removal time es ie re 
vam | "Be sicp a ae “Mase 


N | OPN 
o}|omo 


set-up time 
Dp, to LE 


=] 
nr 
> 
a 
= 
ico} 
—s 
ND 


-_ A — 
“OO 
jo) 
NN 
— OTN 
o1 
NO 
aoon 
i) 


— — © 
&OO 
— A) = 
“OO 
© 
NN> 
OPN 
© 
DPN/|AAN|D 
oaog| © oO} © 
— 
NO 


set-up time 


Ds to SHcp ns 4.5 Fig. 


set-up time 
PL to SHcp 
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8-bit shift register with input latches PC74HC/HCT7597 
MSI 


AC CHARACTERISTICS FOR 74HC (Continued) 


ae ee (°C) | TesTconpitions —_| CONDITIONS 
ee 
SYMBOL | PARAMETER UNIT Vee WAVEFORMS 
—— —40 to +85 | —40to +125 
-imin.| typ. | max.| amin. | max. | enin. | max. | 


hold time i 
Dr, to LE " Fig. 12 


2.0 
4.5 Fig. 12 
6.0 


hold time re 


PL to SHcp 6.0 


hold time 
Ds to SHcp 


| 


; 2.0 
maximum pulse frequency 4.5 


6.0 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section “Family specifications”’. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


0.25 


0.40 
1.50 
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PC74HC/HCT7597 
MSI 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; ty= t¢ =6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT Vee WAVEFORMS 
45 | —40 to +85 | —4010 +125 | } 4010 +125 +125 


ein] yp. | em | eins | mae, | man, | mars 

mee Peper ee 
Pare [le [le [le [= fe fo 

eae COC 
Ge CC CC 
meee eee 
Estee A cc 
iiefercow” te || [|e fm [48 free 
pear effete le fo ne 


MR pulse width 
PL pulse width 


t set-up time 

au Dn to LE 
set-up time 

SG 
set-up time 

‘su PL to SHcp 
hold time 

SC 


hold time 
PL to SHcp 


maximum pulse frequency 
SHcp ‘ arr er ey Pee 
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8-bit shift register with input latches 


AC WAVEFORMS 


<——_——— 1/f max -——> 


SHcp INPUT 


Q OUTPUT 


7293807 


Fig. 6 Waveforms showing the SHcp input to O output 
propagation delays, the SHcp pulse width and maximum 
clock pulse frequency. 


LE INPUT 


Q OUTPUT 


7293808 


Fig. 8 Waveforms showing the LE input to OQ output 
propagation delays and the LE pulse width. 


Dz INPUT 


Q OUTPUT 


7Z93810 


Fig. 10 Waveforms showing the D7 input to O output 
propagation delays. 


PC74HC/HCT7597 
MSI 


MR INPUT 


Q OUTPUT 


7293806 


Fig. 7 Waveforms showing the MR input to Q output 
propagation delay and the MR pulse width. 


PL INPUT 


Q OUTPUT 


7293809 


Fig. 9 Waveforms showing the PL input to O output 
propagation delays, PL pulse width and output transition | 
times. 


MR INPUT 


el trem |< 
Val) 


7293811 


Fig. 11 Waveforms showing the MR input to LE, SHcp 
removal times. 
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PC74HC/HCT7597 
_ MSI 


AC WAVEFORMS (Continued) 


77 rt 


Fig. 12 Waveforms showing hold and set-up times for 
Ds, Dp inputs to SH¢p, LE inputs. 


LE INPUT 


7293812 


Note to Fig. 12 
The shaded areas indicate when the input is permitted to 
change for predictable output performance. 


Note to AC waveforms 
(1) HC : Vy = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3V; Vy =GND to 3 V. 
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PC74HC/HCT4017 
MSI 


~ JOHNSON DECADE COUNTER WITH 10 DECODED OUTPUTS 


FEATURES 


® Output capability: standard 
® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT4017 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the 4017” of the 
““4000B" series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT4017 are 5-stage 

Johnson decade counters with 10 decoded 
active HIGH outputs (Qg to Qg), an 
active LOW output from the most 
significant flip-flop (Q5.9), active HIGH 
and active LOW clock inputs (CPg and 
CP) and an overriding asynchronous 
master reset input (MR). 


The counter is advanced by either a 
LOW-to-HIGH transition at CPg while 
CP, is LOW or a HIGH-to-LOW 
transition at CP; while CPo is HIGH 
(see also function table). 


When cascading counters, the O5.9 
output, which is LOW while the counter 
is in states 5, 6, 7, 8 and 9, can be used 
to drive the CPo input of the next 
counter. 


A HIGH on MR resets the counter to zero 
(Qo = G5.9 = HIGH; Q4 to Qg = LOW) 
independent of the clock inputs (CPg and 
CP). 

Automatic code correction of the counter 
is provided by an internal circuit: 
following any illegal code the counter 
returns to a proper counting mode within 
11 clock pulses. 


7Z93662 


Fig. 1 Pin configuration. 


TYPICAL 


CONDITIONS 


SYMBOL PARAMETER 
tpy/ propagation delay 
tPLH 


CPo, CP, to O, 


maximum clock frequency 


C power dissipation notes and 2 36 pF 
PD capacitance per package 


GND =0V; Tamb = 25 °C: ty = ty = 


6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in nW): 
Pp =Cpp x Vcc? x fj + = (CL x Vcc? x fo} where: 


fj = input frequency in MHz CL output load capacitance in pF 


fo = output frequency in MHz VCC = supply voltage in V 
2 (Cy x Vcc? x fg) = sum of outputs 
2. For HC thecondition is Vj = GND to Vcc 


For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4017P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT4017T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


}PINNO. = SYMBOL NAME AND FUNCTION 


decoded outputs 


ground (0 V) 
carry output (active Low) 

clock input (HIGH-to-LOW, edge-triggered) 
clock input (LOW-to-HIGH, edge-triggered) 
master reset input (active HIGH) 


positive supply voltage 


CTRDIV10/ 


on om oT fF WOW HY |] CO 


o 


7293663 


7293664 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT4017 
MSI 


FUNCTION TABLE 


rn | oro | a1 [ OPERATION 


H Xx Qo = O5.9 = H; 
5 — STAGE JOHNSON COUNTER Q1 to Qg=L 
L H counter advances 
i a ee ee L t counter advances 
L L no change 
DECODING AND OUTPUT CIRCUITRY L x no change 
ESCH CC L 4 no change 
L 4 no change 
3 l2 |4 |7 [io [1 [5 Te fo 


7Z93665 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

Fig. 4 Functional diagram. t = LOW-to-HIGH clock transition 
4 = HIGH-to-LOW clock transition 


7Z93666 


Fig. 5 Logic diagram. 
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Johnson decade counter with 10 decoded outputs PC74HC/HCT4017 
MSI 


CPg INPUT 
CP, INPUT 


—_ eee ee 


MR INPUT 
Qg OUTPUT 
Q, OUTPUT 
Qj OUTPUT 
Q3 OUTPUT 
Q4 OUTPUT 
Qg OUTPUT 
Qg OUTPUT 
Q7 OUTPUT 
Qg OUTPUT 
Qg OUTPUT 


Qce_q OUTPUT 
5-9 7Z93671 


Fig. 6 Timing diagram. 
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PC74HC/HCT4017 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘’HCMOS family characteristics”, section “Family specifications”. 
Output capability: standard 

Icc category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND =O V; ty= te =6 ns; Cy = 50 pF 


SYMBOL | PARAMETER 
wn me 


TEST CONDITIONS 


UNIT WAVEFORMS 


Output transition time 


clock pulse width 
HIGH or LOW 


—_ = Jj 

© O1 01 
N) = _— = 
ool]; noo 
© © 


master reset pulse 
width; HIGH 


V 
tpHL/ propagation delay st — mit Fig. 9 
tPLH CP to Op, 49 59 6.0 
tpHL/ propagation delay ti ra fa 
tPLH CP to 05.9 49 59 6.0 
propagation delay Ne stl ma 
CP} to Qn 54 64 6.0 
propagation delay = re 
CP} to O5.9 64 6.0 
opntn mol [met atl [22 lie 
MR t0'Oj—=9 39 49 59 6.0 
nono ei mo | jaf feel [20 
MR to Os.9, Qo 39 49 59 6.0 
80 
16 
14 
80 
16 
14 


2.0 
4.5 Fig. 9 
6.0 


removal time 


MR to CPo, CP4 Fig. 


a = ®] 

Woo 

DAN| DAN) DAN 

oao ono; ouno 
~ ~ foe) 


= time 
CP, to CPo; 
CPg to CP, 
hold time 
CPo to CP}; 
CP; to CPo 


Fig. 


Fig. 


maximum clock pulse 


frequency Fig. 8 
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Johnson decade counter with 10 decoded outputs PC74HC/HCT4017 
MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’’, section ‘‘Family specifications”’. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


AC CHARACTERISTICS FOR 74HCT 
GND =O V; t= t¢ =6 ns; Cy = 50 pF 


TEST CONDITIONS 


Tamb (°C) 
J74HCT 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
“4010 +85 | ~a0t0 +125 
typ. | max. min. | max. | min. | max. 


tpHL/ propagation delay 
tpHt/ propagation delay 
tPLH CPg to 05.9 
tpHi/ propagation delay Ej 
{PL CP, to On, 63 75 4.5 ig. 9 
tpHt/ propagation delay 50 ; 
CP to Q5.9 


propagation delay Fi 


clock pulse width Fj 
master reset pulse Fj 


co 
a) 
- 
< 


removal time 
MR to CPo, CP4 


set-up time 
toy CP, to CPo; 
CPo to CP 
hold time __ 
CPpo to CPy; 
CP, to CPo 


trem 


h 


fmax 


ay 
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PC74HC/HCT4017 
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AC WAVEFORMS 


CPg INPUT 


CP, INPUT 


7293668 


Fig. 7 Waveforms showing hold and set-up times for CPg to 
CP and CP, to CPo. 


CP INPUT CPg INPUT 


CP, INPUT = 
CP, INPUT 


= TPL 


pou sm WY fp Vf 
sie Syl lp VW\\» nae 


. OUTPUT 
>| tPHL 


=- 7293883 t 
Q9, Ag_g et TL 


OUTPUT 


7293669 


Fig. 8 Waveforms showing the minimum pulse widths for CPo, Fig. 9 Waveforms showing the propagation delays for CPo, 
CP, and MR inputs; the recovery time for MR and the CP} to On, Q5.9 Outputs and the output transition times. 
propagation delays for MR to Op, and Os.9 outputs. 


Note to Figs 8 and 9 Note to AC waveforms 
Conditions: (1) HC : Viyq = 50%; V; = GND to Vcc. 
CP; = LOW while CPg is triggered on a LOW-to-HIGH HCT: Vy = 1.3V; Vj = GND to 3V. 


transition and CPg = HIGH, while CP; is triggered ona 
HIGH-to-LOW transition. 
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Johnson decade counter with 10 decoded outputs PC74HC/HCT4017 
MSI 


APPLICATION INFORMATION 


Some applications for the 4017” are: Figure 10 shows a technique for extending the number of 
decoded output states for the “4017”. 

Decoded outputs are sequential within each stage and from 
stage to stage, with no dead time (except propagation delay). 


e Decade counter with decimal decoding 

e 1 out of n decoding counter (when cascaded) 
@ Sequential controller 

e Timer 


8 decoded 
outputs 


8 decoded 
outputs 


outputs 


Lest “aan: Sate 7Z93667 
first stage intermediate stages last stage 


clock 


Fig. 10 Counter expansion 


Note to Fig. 10 


It is essential not to enable the counter on CP 
when CPg is HIGH, or on CPg when CP, is LOW, 
as this would cause an extra count. 
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PC74HC/HCT4020 
MSI 


14-STAGE BINARY RIPPLE COUNTER 


FEATURES 


@® Output capability: standard 
® Icc category: MS! 


GENERAL DESCRIPTION 


The 74HC/HCT4020 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the “4020” of the: 
“A4000B” series. They are specified in 
compliance with JEDEC standard no. 7. 
The 74HC/HCT4020 are 14-stage 

binary ripple counters with a clock input 
(CP), an overriding asynchronous master 
reset input (MR) and twelve fully 


buffered parallel outputs (Og, Q3 to Q13). 


The counter is advanced on the HIGH-to- 
LOW transition of CP. 


A HIGH on MR clears all counter stages 
and forces all outputs LOW, independent 
of the state of CP. 


Each counter stage is a static toggle 
flip-flop. 


7293380 


Fig. 1 Pin configuration. 


TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 


propagation delay 
tpHL/ CP to Qo 11 15 ns 
tPLH QO, to Qn+4 = 7 7 ns 
MR to Q, 7 18 20 ns 
f 


maximum clock frequency 1 MHz 
fe, maton | a | 88 for 


eebies dissipation notes 1 and 2 19 20 pF 
capacitance per package 
Notes 


GND = 0 V; Tamb = 25 °C; t, = te = 6 ns 
1. Cpp is used to determine the dynamic power dissipation (Pp in nW): 
Pp =Cpp x Vcc’ x fj + © (CL x Vcc? x fo) where: 


fj input frequency in MHz CL output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
Z (Cy x V¢c? x fo) = sum of outputs 


2. For HC the condition is Vj] = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4020P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT4020T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


/PINNO. SYMBOL NAME AND FUNCTION 


Qo, 3 to Q13 parallel outputs 


GND ground (0 V) 

CP clock input (HIGH-to-LOW, edge-triggered) 
MR master reset input (active HIGH) 

Vcc positive supply voltage 


o ono oo f& WwW O 


7293381 7293382 


Fig. 2 Logic symbol. Fig. 3 !EC logic symbol. 
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_ PC74HC/HCT4020 


170 


si 


7293387 


Fig. 4 Functional diagram. 


CP INPUT 
MR INPUT 
Qg OUTPUT 
Q3 OUTPUT 
Q,4 OUTPUT 
Q,, OUTPUT 
Qg OUTPUT 
Q7 OUTPUT 
Qg OUTPUT 
Qg OUTPUT 
Q 4g OUTPUT 
Q4, OUTPUT 
Q 49 OUTPUT 


Q 43 OUTPUT 


October 1985 


14-STAGE COUNTER 


X = don’t care 


FUNCTION TABLE 


H = HIGH voltage level 
L = LOW voltage level 


no change 
count 
L 


t = LOW-to-HIGH clock transition . 


4 = HIGH-to-LOW clock transition 


7293383 


Fig. 5 Logic diagram. 


64 128 256 512 1024 2048 4096 8192 16384 


sre gg pg Wg Wg a ge eg a We 
ee, Seeterera ees 

sehen ce ees hess Lee ee ee le a ders eae 
aie eee ee, Bere ee ee, Ee 
pet ee Ve ee ee ee ee ee 
Gage es es ee es a 
a ele ar rare moe AR (eth etna] (Sede ere Pee? en Coen eee 
see a ee ee ee es 
a ee, 


7293386 


Fig. 6 Timing diagram. 


14-stage binary ripple counter PC74HC/HCT4020 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘“HCMOS family characteristics’, section ‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = OV;t, = te = 6 ns; Cy = 50 pF 


© TEST CONDITIONS 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
—40 to +8 


V 
2.0 
4.5 Fig. 7 
6.0 


ND 
Of 
oO 


propagation delay 
CP to Qg 


QW 
ve Hi 
on 


110 2.0 
4.5 Fig. 


6.0 


propagation delay 


propagation delay 300 


MR to Q, 


a 
oO 


Fig. 


or 
—_ 


P| | 
S 


110 
F 


g 

output transition time 
g. 

g. 

g. 


—N 
CO NO 


clock pulse width 
HIGH 


master reset pulse width 
FI GH 


removal time 


F 
F 
MR to CP 
F 


ig. 7 
ig. 7 


maximum clock pulse 
frequency 


NO NO 
os 


— = J wot —_ = ~J 
wood hk © won 
— NO 
C NO 
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PC74HC/HCT4020 
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DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’’, 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc¢) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT COEFFICIENT 
CP 0.85 
MR 1.10 


AC CHARACTERISTICS FOR 74HCT 
GND =0V;t, = tp =6 ns; Cy = 50 pF 


a a, (°C) TEST | TESTCONDITIONS 
ee 
SYMBOL | PARAMETER [maa ve +128 | Vee WAVEFORMS 
| 425 | -40t0 +85 | 40 to +125, to +125 
/ min. | typ. [max. | min.| max. | min, | max. | | 


propagation delay ; 
CP to Qg SRS rl. sald 
propagation delay 
OQ, to An+4 S|} fe fp fe 2 fm fas fren 
propagation delay 
tTHL’ | output transition time 
tTLH 
jw | eat pulse width 
master reset pulse width 20 
HIGH 


MR tO CP 


maximum clock pulse 
frequency 
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14-stage binary ripple counter 


AC WAVEFORMS 


MR INPUT 


CP INPUT 


CP INPUT 
Q,, OUTPUT 


7293384 
Q,, OUTPUT 


7293386 


Fig. 7 Waveforms showing the clock (CP) to 
output (Q,,) propagation delays, the clock 
pulse width, the output transition times and the 


Fig. 8 Waveforms showing the master reset (MR) 
pulse width, the master reset to output (Qy) 
propagation delays and the master reset to clock 


maximum clock frequency. (CP) removal time. 


Note to AC waveforms 
(1) HC : Vy = 50%; Vy = GND to Vcc. 
HCT: Vy =1.3V; Vy = GND to 3V. 
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PC74HC/HCT 4040 
MSI 


12-STAGE BINARY RIPPLE COUNTER 


FEATURES 


@ Output capability: standard 
® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT4040 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the ‘'4040” of the 
“4000B”" series. They are specified in 
compliance with JEDEC standard no. 7. 
The 74HC/HCT4040 are 12-stage 

binary ripple counters with a clock input 
(CP), an overriding asynchronous master 
reset input (MR) and twelve parallel 
outputs (Qg to Q74). 


The counter is advances on the HIGH-to- 
LOW transition of CP. 


A HIGH on MR clears all counter stages 
and forces all outputs LOW, independent 
of the state of CP. 


Each counter stage is a static toggle 
flip-flop. 
APPLICATIONS 


@ Frequency dividing circuits 
@ Time delay circuits 
® Control counters 


7293877 


Fig. 1 Pin-configuration. 


: TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 


propagation delay 
CP to Og 
On to On+4 


maximum clock frequency 


power dissipation 0 F 


GND = 0 V; Tamb =25 °C; t, = ty = 6 ns 
1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 
Pp =Cpp x VcC’ x fi + = (CL x Vcc? x fo} where: 

fj = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
2 (Ci x Vcc? x fo) = sum of outputs 

2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


Notes 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4040P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT4040T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


| PINNO. SYMBOL NAME AND FUNCTION 


8 ground (0 V) 


9:76.03; 
2,4, 13, 12, 
14, 15, 1 


10 
11 
16 


parallel outputs 


clock input (HIGH-to-LOW, edge-triggered) 
master reset input (active HIGH) 


positive supply voltage 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


7293878 


7Z93879 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT4040 
MSI 


“ae TABLE 
| INPUTS — 


12-STAGE COUNTER 


no <_< 
count 
Ob 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

* = LOW-to-HIGH clock transition 
1 = HIGH-to-LOW clock transition 


7293881 


Fig. 5 Logic diagram. 
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12-stage binary ripple counter PC74HC/HCT4040 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter “ HCMOS family characteristics”, section ‘‘Family specifications”. 
Output capability: standard 

Icc category: MS! 

AC CHARACTERISTICS FOR 74HC 

GND =0V;t-= t¢ =6 ns; Cy = 50 pF 


TEST CONDITIONS 


° 
74HC 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
- “aowenas | NT | YS 
: ee 


2. 


propagation delay 


CP to Qo 4.5 


2.0 
4.5 Fig. 6 
6.0 


Fig. 6 


NQ— 
oon 
oS 


WRN 
Of 
~~ A = —_ A) = 
“OOo SS 
o 
ON 
og 
Oo 


propagation delay 
Qp to On+4 


Pala 


propagation delay 
MR to Qp_ 


2.0 
4.5 Fig. 6 
6.0 


2.0 
4.5 Fig. 6 
6.0 
i ‘ 


51 


Output transition time 


clock pulse width 
HIGH or LOW 


80 
16 
14 


master reset pulse 
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PC74HC/HCT4040 
MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ““HCMOS family characteristics”, section ‘Family specifications”. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 
CP 0.85 
1.10 


AC CHARACTERISTICS FOR 74HCT 


SQ} 3 
wi 
Cc 
—j 


GND =0 V;t,= t¢ =6 ns; Cy = 50 pF 


TEST CONDITIONS 


Vcc | WAVEFORMS 


Tamb (°C) 


74HCT 
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SYMBOL | PARAMETER UNIT 


tpHL/ propagation delay 
CP to Qg 


tpy/ propagation delay 
tPLH On to On+4 


propagation delay 

tPHL 
tTHL/ output transition time 
tTLH 

clock pulse width 

HIGH or LOW 

t master reset pulse 

W width; HIGH 
t .| removal time 

rem MR to CP 
; maximum clock pulse 

max frequency 


+25 —40 to +85 | —40 to +125 
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12-stage binary ripple counter PC74HC/HCT4040 
MSI 


AC WAVEFORMS 


MR INPUT 


CP INPUT 


Qg or Q, 
OUTPUT 


7293882 


Fig. 6 Waveforms showing the clock (CP) to output (Q,,) 
propagation delays, the clock pulse width, the output 
transition times and the maximum clock pulse frequency. 


Also showing the master reset (MR) pulse width, the Nate io AC waverorine 

master reset to output (Q,) propagation delays and the r 

master reset to clock (CP) removal time. (1) HC : Vy = 50%; Vj = GND to Vcc. 
-HCT: Vy = 1.3V; Vy = GND to3V. 
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PC74HC4049 
SSI 


HEX INVERTING HIGH-TO-LOW LEVEL SHIFTER 


FEATURES 


@ Output capability: standard 
® icc category: SSI 


GENERAL DESCRIPTION 


The 74HC4049 is a high-speed 

Si-gate CMOS device and is pin 
compatible with the 4049” of the 
“4000B”' series. It is specified in 
compliance with JEDEC standard no. 7. 


The 74HC4049 provides six inverting 
buffers with a modified input 
protection structure, which has no 
diode connected to Vcc. Input 
voltages of up to 15 V may therefore be 
used. 

This feature enables the inverting 
buffers to be used as logic 

level translators, which will convert 
high level logic to low level logic, 
while operating from a low voltage 
power supply. For example 

15 V logic (""40008B series’) can be 
converted down to 2 V logic. 


The actual input switch level remains 
related to the Vcc and is the same as 
mentioned in the family 
characteristics. At the same time each 
part can be used as a simple inverter 
without level translation. 


APPLICATIONS 


© Converting 15 V logic (’’4000B” 
series) down to 2 V logic. 


7293763 


Fig. 1 Pin configuration. 


TYPICAL UNIT 
SYMBOL ; PARAMETER CONDITIONS ae 
tpHL/ propagation delay Cy, = 15 pF 7 
tPLH nA to nY Vcc =5V 
C) 3.5 pF 


input capacitance 


power dissipation 
capacitance per buffer 


GND = 0 V; Tamb = 25 °C; t, = ts = 6ns 


Note 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fj + = (CL x VCC? x fo) where: 


fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
Z (Cy x Voc? x fo) = sum of outputs 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC4049P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC4049T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


/PINNO. SYMBOL NAME AND FUNCTION 


Vcc positive supply voltage 


1Y to BY data outputs 


1A to 6A data inputs 


GND ground (0 V) 
n.c. not connected 


7293766 


7293754 


Fig. 2 Logic symbol. Fig. 3 1EC logic symbol. 
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PC74HC4049 
SSI 


to logic 
polysilicon circuit 


resistor 


GND 
7297018 


7293764 


Fig. 5 Input protection for HC4049. 
Single sided thick oxide field effect 
Fig. 4 Functional diagram. transistor as input protection. 


7293908 


Fig. 6 Logic diagram (one level shifter). 


FUNCTION TABLE 


INPUT OUTPUT 


H = HIGH voltage level 
L. = LOW voltage level 
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PC74HC4049 
SSI 


Hex inverting HIGH-to-LOW level shifter 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages are referenced to GND (ground = 0 V) 
UNIT CONDITIONS 


SYMBOL | PARAMETER 


for Vv} <—O.5V 


VIK DC input voltage range 


—ltk DC input diode current 
tIOk DC output diode current 


+l0 DC output source or sink 
current 
- standard outputs 


V 
mA 


mA for Vo <-—0.5V or Vo >Vcct+0.5V 


DC Vcc or GND current 
for types with: 
- standard outputs 


power dissipation per package 


3 


on N N}N 
3 
> 


for temperature range: —40 to +85 °C 
74HC 


Prot 


above +60 °C: derate linearly with 8 mW/K 


above +60 °C: derate linearly with 6 mW/K 


for temperature range: —40 to +125 °C 
74HC 


plastic DIL 


plastic mini-pack (SO) 


power dissipation per package 


Prot 


above +70 °C: derate linearly with 8 mW/K 


above +70 °C: derate linearly with 6 mW/K 


plastic DIL 


plastic mini-pack (SO) 


i=) 
i=) 
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PC74HC4049 
SS! 


DC CHARA TERISTICS FOR 74HC 


Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) 
74HC 


TEST CONDITIONS 


SYMBOL | PARAMETER UNIT 


1.5 1.3 1.5 
HIGH level input voltage | 3.1 2.4 3.15 
4.2 3.1 4.2 
0.7 0.5 
LOW level input voltage 1.8 1.35 
23 18 
HIGH level output voltage ‘ 4 ra 7 9 
all outputs 6.0 59 


V HIGH level output voltage | 3.98 
OH standard outputs 5.48 


LOW level output voltage 


VOL all outputs 


LOW level output voltage 
standard outputs 


> 


input leakage current 


Icc quiescent supply current ¥ 


AC CHARACTERISTICS FOR 74HC 
GND =0\V; t, = tf = 6 ns; CL = 50 pF 


> 


= 
> 


OgN oe hf Se: 1 OO Po Oe IS 
o”- oO ono Omo |ouo |owo 


o° 
b&b 


SO Se 
WN | OF 


TEST CONDITIONS 


WAVEFORMS 


Fig. 7 


Tamb (°C) 
74HC 
SYMBOL | PARAMETER UNIT | Vcc 
—40 to +85 | —40 to +125 V 
[ao |e 


130 


propagation delay 
nA to nY 


output transition time 
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Hex inverting HIGH-to-LOW level shifter 


PC74HC4049 
SSI 


AC WAVEFORMS 


nA INPUT 


nY OUTPUT 


7293756 


Fig. 7 Waveforms showing the input (nA) 
to output (nY) propagation delays and the 
output transition times. Note to AC waveforms 


(1) HC : Vy = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3V; Vj = GND to 3V. 
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PC74HC4050 
SSI 


HEX HIGH-TO-LOW LEVEL SHIFTER 


FEATURES 


® Output capability: standard 
® Icc category: SSI 


GENERAL DESCRIPTION 


The 74HC4050 is a high-speed 
Si-gate CMOS device and is pin 
compatible with the '’4050’’ of the 
“4000B” series. It is specified in 


compliance with JEDEC standard no. 7. 
The 74HC4050 provides six non-inverting 


buffers with a modified input 
protection structure, which has no 
diode connected to Vcc. Input 


voltages of up to 15 V may therefore be 
used. This feature enables the non-inverting 


buffers to be used as logic level 
translators, which will convert 
high level logic to low level logic, 
while operating from a low voltage 
power supply. For example 

15 V logic (""4000B series’) can be 
converted down to 2 V logic. 


The actual input switch level remains 
related to the Vcc and is the same as 
mentioned in the family 
characteristics. 


APPLICATIONS 


® Converting 15 V logic (""4000B” 
series) down to 2 V logic. 


7293767 


Fig. 1 Pin configuration. 


TYPICAL UNIT 
SYMBOL PARAMETER CONDITIONS we 


tpyi/ propagation delay Cy = 15 pF 
tPLH nA to nY 
: 


input capacitance 


power dissipation 
capacitance per buffer 


GND =0V; Tamb = 25 °C; t, = t¢ = 6 ns 


Note 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fi + = (CL x VCC? x fo) where: 


fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
Z (Ci x Vcc? x fo) = sum of outputs 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC4050P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC4050T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


PPINNO. | SYMBOL NAME AND FUNCTION 


Vcc positive supply voltage 


1Y to 6Y data outputs 


1A to6A data inputs 


GND ground (0 V) 
n.c. not connected 


7293769 


7Z93758 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC4050 
SSI 


7293758 


Functional diagram. 


Doo Pee 


7293909 


Fig. 6 Logic diagram (one level shifter). 


FUNCTION TABLE 


INPUT OUTPUT 


a ae 
L. L 
H H 

H = HIGH voltage level 

L = LOW voltage level 


October 1985 


to logic 


polysilicon circuit 


resistor 


GND 
7297018 


Fig. 5 Input protection for HC4050. 
Single sided thick oxide field effect 
transistor as input protection. 


PC74HC4050 
SS! 


Hex HIGH-to-LOW level shifter 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages are referenced to GND (ground = 0 V) 
UNIT CONDITIONS 


[svmeor [PARAMETER [MIN 
ee [ocnwante asi) iv | 
: 
+lo 


DC output source or sink 
current 
- standard outputs 


DC Vcc or GND current 
for types with: 
- Standard outputs 


storage temperature range 


power dissipation per package 
Prot 
plastic DIL 


for temperature range: —40 to +85 °C 
74HC 
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PC74HC4050 
SSI 


DC CHARACTERISTICS FOR 74HC 
Voltages are referenced to GND (ground = 0 V) 
ncaa” Se (°C) 
PAH 


HIGH level output aaa 


all outputs 


Vv HIGH level output voltage | 3.98 ; 
OH standard outputs 5.48 ; 


LOW level output voltage rs 
all outputs a 


or 
GND 


AC CHARACTERISTICS FOR 74HC 
GND =OV;t,= ae 6 ns; Cy = 50 pF 


tf C) | TESTCONDITIONS —_| | TESTCONDITIONS —_| 
pH 
SYMBOL | PARAMETER UNIT ‘ee WAVEFORMS : 
mw hoe | 
Ce et re eo a a 


tpHt/ propagation delay 
tPLH na to nY 


Fig. 7 


QOwo 


Output transition time 
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Hex HIGH-to-LOW level shifter 


PC74HC4050 
SSI 


AC WAVEFORMS 


nA |NPUT 


nY OUTPUT 


7293760 


Fig. 7 Waveforms showing the input (nA) 
to output (nY) propagation delays and the 
output transition times. Note to AC waveforms 


(1) HC : Vy = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3V; Vj = GND to 3V. 
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PC74HC/HCT4094 
MSI 


8-STAGE SHIFT-AND-STORE BUS REGISTER 


FEATURES 


@ QOuput capability: standard 
® icc catagory: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT4094 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the “4094” of the 
“4000B"' series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT4094 are 8-stage serial 
shift registers having a storage latch 
associated with each stage for strobing 
data from the serial input (D) to the 
parallel buffered 3-state outputs (QPo 
to QP7). The parallel outputs may be 
connected directly to common bus lines 
Data is shifted on the positive-going 
clock (CP) transitions. The data een 
shift register stage is transferred to the 
storage register when the strobe input 
(STR) is HIGH. Data in the storage 
register appears at the outputs when- 
ever the output enable input (OE) 
signal is HIGH. 


Two serial outputs (QS4 and QS2) are 
available for cascading a number of 
““A4094"" devices. Data is available at QS, 
on the positive-going clock edges to 
allow high-speed operation in cascaded 
systems in which the clock rise time is 
fast. The same serial information is 
available at QS on the next negative- 
going clock edge and is for cascading 
“4094” devices when the clock rise 
time is slow. 


APPLICATIONS 


© Serial-to-parallel data conversion 
@ Remote control holding register 


7293855 


Fig. 1 Pin configuration. 


TYPICAL 


CONDITIONS 


propagation delay 
CP to OS, 
CP to QS9 
CP to OP, 
STR to OP, 


15 
13 
19 
18 
maximum clock frequency 60 
Occ inh re acted 
power dissipation g 
capacitance per package 


GND = OV; Tamb = 29 °C; tp = tp= Ens 
Notes 


19 
18 
21 
20 


1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 
Pp =Cpp x Vcc’ x fi+ = (CL x VCC? x fo) where: 
fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
x (Ci x Vcc? x fo) = sum of outputs 
2. ForHC thecondition is Vj = GND to Vcc 
For HCT the condition is V] = GND to Vcc — 1.5 V 
ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4094P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT4094T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


PPINNO. SYMBOL NAME AND FUNCTION 


strobe input 
serial input 
clock input 


4,5,6,7, 


parallel outputs 


ground (0 V) 
serial outputs 


14, 13, 12,11 | QPo to QP7 
8 GND 

9,10 QS}, OS> 
15 OE 

16 Vec 


output enable input 
positive supply voltage 


15 7293907 7293856 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT4094 
MSI 


REGISTER 


eee 8-STAGE SHIFT i 
Cc 


. 8-BIT STORAGE 
REGISTER 


3-STATE OUTPUTS 


7293858 


QP, OAPs QP3 QPy Pg APs 


Fig. 5 Logic diagram. 


PARALLEL SERIAL 
OUTPUTS OUTPUTS 
NC 


= HIGH voltage level 
= LOW voltage level 
= don’t care 
= high impedance OF F-state 
C =nochange 
= LOW-to-HIGH CP transition 
= HIGH-to-LOW CP transition 
‘6 = the information in the seventh register stage is transferred to the 8th register stage 
and OS, output at the positive clock edge 


H 
L 
X 
Z 
N 
t 

1 

Q 


CLOCK INPUT 


DATA INPUT 


STROBE INPUT STR 


OUTPUT ENABLE 


INPUT nF 
INTERNAL Qo (FFO) 


| | esac I | 
OUTPUT QPo = -.PLI LH. 
een 


INTERNAL Og (FF6) | | 
EM lee: fae 


ourrut oe PU 1 


SERIAL OUTPUT QS, 


SERIAL OUTPUT  QSo | | | | j | | | | | j 


Fig.6 Timing diagram. ace 
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8-stage shift-and-store bus register 


MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 


GND =O V;t, = te =6 ns; Cy = 50 pF 


TEST CONDITIONS 


74HC 
sists pueeieees ee eae > en eee 
“a0 0 +86] e010 125] "| YS 
P ie Si) 


propagation delay 
CP to OS; 


tPHL/ 
tPLH 
tPHL/ 
tPLH 


ae 

Ono 
a 
e 
~ 


propagation delay 
CP to OS9 


at 
© 
~N 


2.0 
4.5 
6.0 


propagation delay 
CP to OP, 


oP. 
ono 
a 
ad 
~N 


propagation delay 
STR to OP, 


a 
~ 


output transition time 


3-state output 
enable time 
OE to OP, 


3-state output 
disable time 
OE to OP, 


Fig. 9 


sige a oe. Pi 
ono 


: 80 100 
clock pulse width : 
tw 16 20 Fig. 7 
strobe pulse width a 
W HIGH or LOW 14 17 


set-up time 
D to CP 


hold time 
D to. CP 


at 
oe 

om 
° 


2.0 
45 
6.0 
2.0 
4.5 | Fig.9 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 


maximum clock pulse 
frequency 


— = ] 
Wool 
—_ — (O 
oo © 
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PC74HC/HCT4094 
MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘'HCMOS family characteristics’’, section ‘‘Family specifications”’. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; ty = tg = 6 ns; Cy = 50 pF 
TEST | TESTCONDITIONS | 


SYMBOL | PARAMETER 


UNIT Yee WAVEFORMS 
—40 to +125 


in| tye | max | min} ma. | in 
propagation delay 
CP to QS 
tpyL/ propagation delay 
tpLH CP to QS9 
teHL/ propagation delay 
tPLH CP to OP, 
tpHL/ propagation delay 48 
tPLH STR to QP, 
tTHL/ output transition time 
tTLH 


t / 3-state output 
i enable time 
PZL OE to OP, 
3-state output 
tPH2/ disable time 
PLZ OE to OP, 
clock pulse width 
HIGH or LOW 
strobe pulse width 
HIGH or LOW 


set-up time 
D to CP 


hold time 
D to CP : 
Pe maximum clock Bole 
max frequency 
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8-stage shift-and-store bus register 


AC WAVEFORMS 


CP INPUT 


OP, Qs, 
OUTPUT 


QS2 OUTPUT 
7293860 


Fig. 7 Waveforms showing the clock (CP) to 
output (QP,,, QS, QS) propagation 
delays, the clock pulse width and the 
maximum clock frequency. 


OE INPUT 


ap, 
OUTPUT 

LOW-to- OFF 

OFF -to- LOW 


QP, 


OUTPUT 
HIGH - to- OFF 
OFF -to- HIGH 


Outputs —plg——__. Outputs —___»|«— outputs 
7293862 enabled disabled enabled 


Fig. 9 Waveforms showing the 3-state enable 
and disable times for input OE. 


Note to AC waveforms 
(1) HC : Vpyq = 50%; V) = GND to Vcc. 
HCT: Vi = 1.3V; Vj = GND to 3V. 


PC74HC/HCT4094 
MSI! 


STR INPUT 


QP, OUTPUT 


7293861 


Fig. 8 Waveforms showing the strobe (STR) 
to output (QP,,) propagation delays and 
the strobe pulse width. 


CP INPUT 


7293863 


Fig. 10 Waveforms showing the data set-up 
and hold times for the data input (D). 


Note to Fig. 10 


The shaded areas indicate when the input 
is permitted to change for predictable 
output performance. 
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BCD TO 7-SEGMENT LATCH/DECODER/DRIVER 


FEATURES 


® Latch storage of BCD inputs 

@ Blanking input 

@ Lamp test input 

@ Driving common cathode LED 
displays 

@ Guaranteed 10 mA drive capability 
per output 


@ Output capability: non-standard 
© Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT4511 are high-speed 
Si-gate CMOS devices and are pin 
compatible with 4511” of the 
“4000B” series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT4511 are BCD to 
7-segment latch/decoder/drivers with 
four address inputs (D1 to D4), an active 
LOW latch enable input (LE), an active 
LOW ripple blanking input (BI), an active 
LOW lamp test input (LT), and seven 
active HIGH segment outputs (OQ, to Qg). 


When LE is LOW, the state of the segment 
outputs (Q, to Qg) is determined by the 
data on Dj to Dg. 

When LE goes HIGH, the last data present 
on D1 to Dg are stored in the latches and 
the segment outputs remain stable. 

When LT is LOW, all the segment outputs 
are HIGH independent of all other input_ 
conditions. With LT HIGH, a LOW on BI 
forces all segment outputs LOW. The 
inputs LT and BI do not affect the latch 
circuit. 


APPLICATIONS 

@ Driving LED displays 

Driving incandescent displays 
Driving fluorescent displays 
Driving LCD displays 

Driving gas discharge displays 


7293692 


Fig. 1 Pin configuration. 


TYPICAL 
CONDITIONS UNIT 
Bae 


SYMBOL PARAMETER 


propagation delay 
Dy to Qn 
LE to Qn 
Bl toQ, 
LT to QO, 


a Pevseeee [fas 
power dissipation Astes sand 2 
capacitance per latch 

GND =OV; Tamb = 25 °C; ty = te =6 ns 

Notes 

1. Cpp is used to determine the dynamic power dissipation (Pp in pW): 

Pp =Cpp x Vcc’? x fi + = (CL x VCC? x fo) where: 


fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
x (CL x Vcc? x fg) = sum of outputs 

2. For HC the condition is Vj = GND to Vcc 


For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4511P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT4511T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


/PINNO. SYMBOL NAME AND FUNCTION 


lamp test input (active LOW) 
ripple blanking input (active LOW) 
latch enable input (active LOW) 
BCD address inputs 

ground (0 V) 


13, 12, 11, 10, 
915, 14 


16 


segments outputs 


positive supply voltage 


BCD/7SEG D> 


7293693 


7293694 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT4511 
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200 


PC74HC/HCT4511 
MSI 


LATCHES 


7 1 2 
Ce 
ie 


ae DECODER 
O DRIVERS 


| EEE PEP. 


7293695 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


INPUTS OUTPUTS 
DISPLAY 


ECG. 


x< 
<x x 
x x 


x x 


NO QN—Oo 


a Sa Ta le eae ee CrFrirLt ee OO ~ <= 
c © 


Serer rere Tere Creer 
Pee Sees. Lae ae Fe 
ZEEE GLETT EBELTT LITAIT Fr 
Ltt Sts. reece reer 
Ett reer Behe rr im mK x 
Bae Laer Seer Se 
mie Beir Aer fee se ox 
Cree: Freee rte aera oe Ke 
Perr TrraLe fre Bea er oe 
reece - Crat Bars Lee ee 
reer rer Fawr Bree re et 
Srcre Fret Frit Fart Cc Ss 
rere Fees Ter rere or os 


* Depends upon the BCD-code applied during the LOW-to-HIGH transition of LE. 


H = HIGH voltage level 
L = LOW voltage level 
X = don’t care 
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BCD to 7-segment latch/decoder/driver 


MSI 
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E 
© 
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7293266 
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Fig. 6 Segment designation. 
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PC74HC/ HCT4511 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘’HCMOS family characteristics’, section ‘Family specifications”’. 


Output capability: standard, excepting VQH which is given below 
Icc category: MS! 


Non-standard DC characteristics for 74HC 
Voltages are referenced to GND (ground = 0 a. ae 


aan a (°C) TEST CONDITIONS 


tse 
SYMBOL | PARAMETER UNIT Vcc 
425 | a0 to +85 | —40 to cows 
| oa 10. 


Tamb (°C) TEST CONDITIONS 


SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
—40 to +85 | —40 to +125 V 

in typ. max, | in| ma. | min. | max. | 
; 375 450 

tPHL/ propagation delay 75 90 

tPLH Dp to Qn 64 77 
270 330 405 

tPHL/ propagation delay 54 68 81 

tPLH LE to Op 46 58 69 
220 275 330 

tPHL/ propagation delay 44 55 66 
tPLH BT to Qn 37 47 56 
8 
3 


AC CHARACTERISTICS FOR 74HC 
GND =0\V; ty = tg = 6 ns; CL = 50 pF 


propagation delay 
LT to Qn 


3 
3 


/ 75 
'THL output transition time 15 
tTLH 13 
latch enable pulse width ae aa Oe ns 
LOW 14 17 20 
set-up time te . 
Dp to LE is i: 
hold time_ 
Dn to LE 
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PC74HC/HCT4511 
MSI 


BCD to 7-segment latch/decoder/driver 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ’’HCMOS family characteristics’, section ’’Family specifications”’. 


Output capability: standard, excepting Voy which is given below 
lcc category: MSI 


Non-standard DC characteristics for 74HCT 
Voltages are referenced to GND (ground = 0 V) 


aan TE FTamb PC) C) TEST CONDITIONS 


eee 


SYMBOL | PARAMETER UNIT Voc 
os we 
vou HIGH level output voltage = 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Aicc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT COEFFICIENT 
LT, LE 1.50 
Bi, D 0.30 


AC CHARACTERISTICS FOR 74HCT 
GND =0 V; ty = t¢ = 6 ns; CL = 50 pF 


tpHL/ propagation delay 
tPLH Dp to On 
tpH_/ propagation delay 
tPLH LE toQ, 
tpHL/ propagation delay 
tPLH BI to OQ, 
tpHL/ propagation delay 


THL/ output transition time. 
tTLH 
t latch enable pulse width 
Ww LOW 
‘ set-up time 
a Dy to LE 
‘ hold time_ 
h Dry to LE 
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PC74HC/HCT4511 
MSI 


AC WAVEFORMS 


Q,, OUTPUT 


7293699 


Fig. 8 Waveforms showing the input (Dn, 
LT) to output (Q,) propagation delays and 
the output transition times. 


Q,, OUTPUT 


7293698 


Fig. 10 Waveforms showing the input (BI) 
to output (Q,) propagation delays. 


Note to AC waveforms 
(1) HC : Vy = 50%; V) = GND to Vec. 
HCT: Vw=1.3V; Vy =GNDto3 V. 
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LE INPUT 


Q,, OUTPUT 


7293697 


=z 


Fig. 9 Waveforms showing the input (LE) 
to output (O,) propagation delays and the 
latch enable pulse width. 


LE INPUT 


7293696 


Fig. 11 Waveforms showing the data set-up and 
hold times for Dy input to LE input. 


Note to Fig. 11 


The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 


BCD to 7-segment latch/decoder/driver 


APPLICATION DIAGRAMS 


common cathode 
LED 


7293705 


Fig. 12 Connection to common cathode LED 
display readout. 


7293701 


(1) A filament pre-warm resistor to reduce 
thermal shock and to increase effective cold 
resistance of the filament is recommended. 


Fig. 14 Connection to incandescent display 
readout. 


appropriate 
voltage 


7293702 


Fig. 16 Connection to gas discharge display 
readout. 


PC74HC/HCT4511 
MSI 


common anode 
» LED 


7293700 


Fig. 13 Connection to common anode LED 
display readout. 


direct 
(low brightness) 


to 
filament 
supply 


7293703 


Fig. 15 Connection to fluorescent display 
readout. 


excitation 
(square wave ; 
GND to Vcc) 


1/4 HC/HCTB6 


7293704 


Fig. 17 Connection to LCD display readout. 
(Direct DC drive is not recommended as it 
can shorten the life of LCD displays). 
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PC74HC/HCT4518 
MSI 


DUAL SYNCHRONOUS BCD COUNTER 


FEATURES 
@ Output capability: standard SYMBOL PARAMETER CONDITIONS 
®@ Ic¢c category: MSI _ 
tpHL/ propagation delay 
GENERAL DESCRIPTION tPLH nCPg, nCPj to nQy 
The 74HC/HCT4518 are high-speed . 
Si-gate CMOS devices and are pin one 
compatible with the 4518” of the Q 
“‘4000B” series. They are specified in maximum clock frequency 
compliance with JEDEC standard no. 7. 
The 74HC/HCT4518 are dual 4-bit input capacitance 
internally synchronous BCD counters 
with an active HIGH clock input (nCPQ) power dissipation notes and? 
and an active LOW clock input (nCP}4), capacitance per counter 
buffered outputs from all four bit 
positions (nQg to nQ3) and an active GND = 0V; Tamb = 25 °C; t, = tp = 6 ns 


HIGH overriding asynchronous master N 
reset input (nMR). otes 


The counter advances on either the LOW. 1. Cpp is used to determine the dynamic power dissipation (Pp in pW): 


to-HIGH transition of nCPg if nCPq is Pp =Cpp x Vcc’ x fj + = (CL x VCC? x fo) where: 

HIGH or the HIGH-to-LOW transition of fj = input frequency in MHz CL = output load capacitance in pF 
nCP 1 if nCPg is LOW. Either nCPg or fo = output frequency in MHz VCC = supply voltage in V 

nCP 1 may be used as the clock input to > (Cr x Vec? x fo} = sum of outputs 


the counter and the other clock input 
may be used as a clock enable input. 
A HIGH on nMR resets the counter 


(nQg to nQ3 = LOW) independent of ORDERING INFORMATION/PACKAGE OUTLINES 


nCPog and nCP}. 
PC74HC/HCT4518P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT4518T: 16-lead mini-pack, plastic (SO-16; SOT-109A). 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


APPLICATIONS 


@ Multistage synchronous counting 
@ Multistage asynchronous counting 
@ Frequency dividers 


PIN DESCRIPTION 


/PINNO, SYMBOL NAME AND FUNCTION 


1,9 1CPg, 2CP9 clock inputs (LOW-to-HIGH, edge-triggered) 
2,10 1CP1, 2CP4 clock inputs (HIGH-to-LOW, edge-triggered) 
3,4,5,6 109 to 103 data outputs 

7,15 1MR, 2MR asynchronous master reset inputs (active HIGH) 
8 GND ground (0 V) 

11, 12,13,14 | 209 to 203 data outputs 


16 Vcc positive supply voltage 


CTRDIVi0 


7Z93790 


7293789 7293791 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT4518 
MsI 


Fig. 4 Functional diagram. 


October 1985 


FUNCTION TABLE — 


counter advances 
counter advances. 
no change 
no change 
no change 
no change 
Qo to Q3 = LOW 


xr? xKXx<e ro 
xrcrecre ce 


H = HIGH voltage level 

L = LOW voltage level 

7293792 _ X= don’t care 

t = LOW-to-HIGH clock transition 
4 = HIGH-to-LOW clock transition 


7Z93793 


Fig. 5 Logic diagram (one counter). 


lr ,2]afa]s[e]7[s8]o]wofats 14] 15] 16/17 [ 18 


PLU 
Pree 
foes ea alesleal | ade 
Urey tet epes eta tal etel etal eles 
Fe ee 
TT 
eee Gt--senelii-- 


Fig. 6 Timing diagram, 


PC74HC/HCT4518 
MSI 


Dual synchronous BCD counter 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ’HCMOS family characteristics’’, section “Family specifications”. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =OV; t- = tf = 6 ns; CL = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HC 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
we —40 to — — to +125 Vv . 

; 2.0 
tpHL/ propagation delay 45 Fig. 9 
tPLH nCPo, nCP7 tonQny 60 ; 

i 2.0 
tPHL/ propagation delay 


output transition time 


NM 
oO > 
Oo 


clock pulse width 
HIGH or LOW 


master reset pulse width 
HIGH 


removal time __ 
nMR to nCPq, nCP4 


set-up time 
nCP 1 to nCPo; 
nCPg to nCP4 


= — © — — 0 
OO -2oOO 


maximum clock pulse 
frequency 
nCPo, nCP 
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PC74HC/HCT4518 
MSI — 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘’HCMOS family characteristics’’, section ‘Family specific 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


ations”’. 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 


To determine Alcc per input, multiply this value by the unit load coefficient shown in the table 


UNIT LOAD 
COEFFICIENT 
0.30 
1.50 


AC CHARACTERISTICS FOR 74HCT 


INPUT 


nCPo, nCP4 
nMR 


, 


(2) 
< 
c+ 


= 


(ep) 
2 
oO 


= tf=6ns; Cy = 50 pF 


Tamb (°C) 
74HCT 
SYMBOL | PARAMETER U 


typ. 


propagation delay 
nCPg, nCPj to nO, 


propagation delay 
nMR to nO, 
output transition time 


clock pulse width 
Ww HIGH or LOW 


tpHL/ 
tPLH 


S 


tPHL 


tTHL/ 
tTLH 


=) 


N o 
ale 

n 

a na 

on om 


t 20 


master reset pulse width 
HIGH 


—_ W on 
o1 oO w 
AS 


removal time = 
nMR to nCPo, nCP4 


=) Ww Ww 
Oo oO 


set-up time 


nCP1 to nCPo; 
nCPg to nCP4 


maximum clock pulse 
frequency_ 
nCPg, nCP 4 


fmax 


NO NO 


ct 

w” 

ui | 
= NO 
MN > 
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N 


=) 
n 


=) 
n 


pa fe 


MHz 


below. 


TEST CONDITIONS 


IT | Vcc | WAVEFORMS 


n 


n 


= 


n 
= 
on 


> 
om 


4.5 


Fig. 8 


PC74HC/HCT4518 
MSI 


Dual synchronous BCD counter 


AC WAVEFORMS 


nCPg INPUT 


nCP, INPUT 


7293886 


Fig. 7 Waveforms showing hold and set-up 
times for nCPg to nCPy and nCP1 to nCPo. 


nCPg INPUT 


= nCPg INPUT 
nCP, INPUT 


nCPy INPUT 
nMR_ INPUT 


tPHL FEQSBOS 7293884 


Fig. 8 Waveforms showing the minimum Fig. 9 Waveforms showing the propagation 
pulse widths for nCPg, nCP1 and nMR inputs; delays for nCPo, nCP7 to nO, outputs 

the removal time for nMR and the propagation and the output transition times. 

delay for nMR to nQpy outputs. 


Note to Fig. 8 and Fig. 9 


Conditions: 


nCP1 =HIGH while nCPg is triggered on a LOW-to-HIGH 
transition and nCPg = LOW , while nCPj is triggered on 
a HIGH-to-LOW transition. 


Note to AC waveforms 
(1) HC : Vy = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3 V; Vj = GND to 3V. 
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PC74HC/HCT4520 
MSI 


DUAL 4-BIT SYNCHRONOUS BINARY COUNTER 


FEATURES 


@ Output capability: standard 
© Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT4520 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the 4520” of the 
“‘4000B” series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT4520 are dual 4-bit 
internally synchronous binary counters 
with an active HIGH clock input (nCP9) 
and an active LOW clock input (nCP 1), 
buffered outputs from all four bit 
positions (nQg to nQ3) and an active 
HIGH overriding asynchronous master 
reset input (nMR). 


The counter advances on either the LOW- 


to-HIGH transition of nCPg if nCP7 is 
HIGH or the HIGH-to-LOW transition of 
nCP1 if nCPg is LOW. Either nCPg or 
nCP1 may be used as the clock input to 
the counter and the other clock input 
may be used as a clock enable input. 

A HIGH on nMR resets the counter 
(nQg to nQ3 = LOW) independent of 
NCPog and nCPq. 


APPLICATIONS 


@ Multistage synchronous counting 
@ Multistage asynchronous counting 
@ Frequency dividers 


7293798 


Fig. 1 Pin configuration. 


TYPICAL 


SYMBOL PARAMETER CONDITIONS 
tpHL/ propagation delay 
tPLH nCPg, nCP1 tonQn 


propagation delay 
PHL nMR to nQ, 


maximum clock frequency 


GND = 0 V; Tamb = 25 °C; t, = ty = 6 ns 

Notes 

1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fj + = (CL x VCC’ x fo) where: 


output load capacitance in pF 
supply voltage in V 


fj = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
X (Cy x Vcc? x fo) = sum of outputs 

2. For HC thecondition is Vj=GNDtoVcc_ 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4520P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT4520T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


NAME AND FUNCTION 


PIN DESCRIPTION 


1,9 1CPp9, 2CP9 clock inputs (LOW-to-HIGH, edge-triggered) 
2,10 1CP1, 2CP, clock inputs (HIGH-to-LOW, edge-triggered) 
3,4,5,6 109 to 103 data outputs 

7,15 1MR, 2MR asynchronous master reset inputs (active HIGH) 
8 GND ground (0 V) 

11,12, 13,14 | 2Q9 to 203 data outputs 


16 Vcc positive supply voltage 


7293790 


7293799 


Fig 2 Logic symbol. 


Fig. 3 IEC logic symbol. 
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PC74HC/HCT 4520 
MSI 


FUNCTION TABLE — 


counter advances 
counter advances 
no change 
no change 
no change 
no change 
Qo to 03 = LOW 


— 3 


ero x< 3 
<xe_r7?e Ke LT o 
aah 


zreeeee |g, 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

* = LOW-to-HIGH clock transition 
1 = HIGH-to-LOW clock transition 


7293792 


Fig. 4 Functional diagram. 


7293800 


Fig. 5 Logic diagram (one counter). 


7293801 


Fig. 6 Timing diagram. 
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PC74HC/HCT4520 
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Dual 4-bit synchronous binary counter 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ’“HCMOS family characteristics’, section ‘Family specifications’. 
Output capability: standard 


Icc category: MSI 
AC CHARACTERISTICS FOR 74HC 
GND = OV; t, = t¢ = 6 ns; CL = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HC 
SYMBOL | PARAMETER UNIT |} Vcc | WAVEFORMS 
—40 to +85 | —40 to +125 V 
liberi Fi 


propagation delay 
nCPg to nQy 


o1m Ww 
-oO9O 
io) 


ON & 
~]" NO 
io) 


propagation delay 
nCP1 to nQy 


propagation delay 
nMR to nQn 


output transition time 


— © 
no 
> 
ne] 
NO 
WW 
Ww © 


= NN 
“NO 


clock pulse width 
HIGH or LOW 


NO 
& 


master reset pulse width 
HIGH 


20 
removal time = 
nMR to nCPo, nCP4 
set-up time we pe 
nCP 1 tonCPo, nCPg to nCP 1 14 
: 6 
maximum clock pulse 30 
frequency 35 


~>N 
a) 


aes 
aad 


NO 
© 


oOo 
R 


NO 
aS 
NQ 
© 


24 
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PC74HC/HCT4520 
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DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘'HCMOS family characteristics”, section ‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Aicc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT COEFFICIENT 
nCPo, nCPy 0.30 
nMR 1.50 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; ty = tf = 6 ns; CL = 50 pF 


a eS a ae TEST CONDITIONS 


genes 
SYMBOL | PARAMETER UNIT \ec ~-WAVEFORMS 
| 425 | 400 +86 to +85 | 40 to +125} to +125 


tPHL/ propagation delay 
tPLH nCPo to nOy 
tpHL/ propagation delay 53 
tPLH nCP1 to nQy 
propagation delay 
tTHL/ output transition time 
tTLH 
clock pulse width 
HIGH or LOW 
master reset pulse width 45 
removal time eas Fig. 7 
trem nMR to nCP9, nCP4 
set-up time Fig. 8 
nCP1 to nCPo, nCPg to ncPy| 
maximum clock pulse Fig. 7 
frequency ee ee 
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Dual 4-bit synchronous binary counter 


AC WAVEFORMS 


nCP, INPUT 
(nCPg= LOW) 


nCPy INPUT 
(nCP, =HIGH) 


nMR_ INPUT 


7293795 


nCPg INPUT 


nCP, INPUT 


nQ, OUTPUT 


7293796 


oMR INPUT 


nQ,, OUTPUT 


7293797 


Note to AC waveforms 
(1) HC : Vy = 50%; V) = GND to Vcc. 
HCT: Vy = 1.3V; Vj = GND to3V. 


PC74HC/HCT4520 
MSI 


Fig. 7 Waveforms showing removal time for nMR; 
minimum nCPo, nCPy, nMR pulse widths and 
maximum clock pulse frequency. 

Conditions: 

nCPy = HIGH while nCPqQ is triggered on a 
LOW-to-HIGH transition; tw and trem, also 

apply when nCPg = LOW and nCP; is 

triggered on a HIGH-to- LOW transition. 


Fig. 8 Waveforms showing set-up times for nCPg 
to nCP; and nCP, to nCPo, propagation delays 
and output transition times. 


Fig. 9 Waveforms showing propagation delay 
from nMR to nQ, output. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


MSI 


8-BIT SYNCHRONOUS BINARY DOWN COUNTER 


FEATURES 
Cascadable 


Synchronous or asynchronous preset 


e 
@ Output capability: standard 
© icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT40103 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the 40103” of the 
“‘4000B” series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT40103 consist each of 

an 8-bit synchronous down counter with 
a single output which is active when the 
internal count is zero. The “40103” 
contains a single 8-bit binary 

counter and has control inputs for 
enabling or disabling the clock (CP), for 
clearing the counter to its maximum 
count, and for presetting the counter 
either synchronously or asynchronously. 
All control inputs and the terminal count 
output (TC) are active-LOW logic. 


In normal operation, the counter is 
decremented by one count on each 
positive-going transition of the clock (CP). 
Counting is inhibited when the terminal 
enable input (TE) is HIGH. The terminal 
count output (TC) goes LOW when the 
count reaches zero if TE is LOW, and 
remains LOW for one full clock period. 


When the synchronous preset enable input 
(PE) is LOW, data at the jam input (Po to 
P7) is clocked into the counter on the 
next positive-going clock transition 
regardless of the state of TE. 

When the asynchronous preset enable 
input (PL) is LOW, data at the jam input 
(Po to P7) is asynchronously forced into 
the counter regardless of the state of PE, 
TE, or CP. The jam inputs (Po to P7) 
represent a single 8-bit binary word. 


(continued on next page) 


7Z83739 


Fig. 1 Pin configuration. 


SYMBOL PARAMETER CONDITIONS 
tpHL/ propagation delay 
tPLH CP to TC 


maximum clock frequency 
pc | input capacitance 


Cc; 
ower dissipation 
" : 


capacitance per counter 
GND = 0 V; Tamb = 25 °C; t, = te = 6 ns 
Notes 


1. Cpp is used to determine the dynamic power dissipation (Pp in nW): 
Pp = Cpp x Vcc’? x fj + = (CL x VCC? x fo) where: 


fj = input frequency in MHz CL output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
2 (Cy x Vcc? x fo) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj} = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT40103P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT40103T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


/PINNO. —_| SYMBOL NAME AND FUNCTION 


clock input (LOW-to-HIGH, edge-triggered) 
asynchronous master reset input (active LOW) 
terminal enable input 


4,5,6,7, 


10, 11, 12, 13 jam inputs 


ground (0 V) 

asynchronous preset enable input (active LOW) 
terminal count output (active LOW) 
synchronous preset enable input (active LOW) 
positive supply voltage 


IN PROGRESS 


7293740 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT40103 


219 


~ PC74HC/HCT40103 


220 


MSI 


Fig. 4 Functional diagram. 


PRESET 
bags ACTION 


inhibit counter 
preset on next LOW-to 
HIGH clock transition 


preset asynchronously 
asynchronous 
Notes to function table 
1. Clock connected to CP. 


2. Synchronous operation: changes occur on the LOW-to-HIGH CP transition. 
3. Jam inputs: MSD = P7, LSD = Po. 


H = HIGH voltage level 
L = LOW voltage level 
X =don’'t care 


FUNCTION TABLE 


CONTROL INPUTS 


synchronous 


a 


ESreE 


October 1985 


GENERAL DESCRIPTION (Cont'd) 


When the master reset input (MR) is LOW, 
the counter is asynchronously cleared to 
its maximum count (decimal 255) 
regardless of the state of any other input. 
The precedence relationship between 
control inputs is indicated in the function 
table. 

If all control inputs except TE are HIGH 
at the time of zero count, the counters 
will jump to the maximum count, giving 
a counting sequence of 256 clock pulses 
long. 

The “40103” may be cascaded using the 
TE input and the TC output, in either a 
synchronous or ripple mode. 


APPLICATIONS 


@ Divide-by-n counters 

@ Programmable timers 

@ Interrupt timers 

@ Cycle/program counters 


PC74HC/HCT40103 
MSI 


8-bit synchronous binary down counter 


—ooSY 
TO OTHER 7 
FLIP-FLOPS 


7293742 


Fig. 5 Logic diagram. 


DEVELOPMENT DATA 


255 1 | 0 | 256 254 | 254 |253 8 


7293743 


Fig. 6 Timing diagram. 
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DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = OV; t, = te = 6 ns; Cy = 50 pF 


ae Pam PC) °C) | TESTCONDITIONS CONDITIONS 

Pa 
SYMBOL | PARAMETER UNIT Vee WAVEFORMS 

—40 to +85 | —40 to +125 

=e 
375 

tPHL/ 
tPLH 


propagation delay 


CP to TC 78 


64 


propagation delay 
TE to TC 


“OC o1 > G “NOL, 
— & -O9O NO 
oO =) 


propagation delay 415 


PL to TC 


propagation delay 415 


2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
MR to TC 6.0 
output transition time 


clock pulse width 
HIGH or LOW 


— © 


master reset pulse width tg 
LOW 
33 
preset enable pulse width 
PL; LOW 
32 
removal time A 
MR to CP 13 
set-up time 
PE to CP 
set-up time a 
TE to CP 37 


set-up time 
P,, to CP 


hold time 
PE to CP 
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DEVELOPMENT DATA 


PC74HC/HCT 40103 
MSI 


8-bit synchronous binary down counter 


AC CHARACTERISTICS FOR 74HC (Cont'd) 


GND =OV;t, = tr =6 ns; C, = 50 pF 
Tamb (°C) 
74HC 
SYMBOL | PARAMETER 
Fon [oe in [we 


TEST CONDITIONS 


Vec | WAVEFORMS 


i re max. -_ 
th es | . 5 Fig. 11 
nen tO GP | = 
maximum clock pulse . i ae MHz 
frequency 14 12 
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PC74HC/HCT40103 
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MSI 


DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications”. 
Output capability: standard 

Icc category: MSI 

Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


z 
| Cc 
-j 


O 
me) 
0 
m 


= 


MR 
TE 


a 
S 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; t, = t= 6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 


74HCT 
SYMBOL | PARAMETER UNIT | Voc | WAVEFORMS 
+25 —40 to +85 | —40 to +125 Vv 


tpHi/ propagation delay Fig. 7 
tPLH CP to TC 9. 


tpH/ propagation delay 
TE to TC 


propagation delay 
PL to TC 


tPHL/ 
tPLH 


propagation delay 
"PHL MR to TC 
tTHL/ output transition time 
'TLH 
clock pulse width 
‘Ww HIGH or LOW 
t master reset pulse width 
W LOW 
t preset enable pulse width 
W PL; LOW 
t removal time 
rem MR to CP 
t set-up time 
su PE to CP 


_ | | | | 
GS 


(oil ood cc 


e+ 
so 
- 
= 
o1 


* 
Ns 


N 
bi 


NO 
mis 


set-up time 
t set-up time 
o Pp, to CP 


t hold time 
h PE to CP 
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DEVELOPMENT DATA 


8-bit synchronous binary down counter 


MSI 


AC CHARACTERISTICS FOR 74HCT (Cont'd) 
GND = 0 V; t, = t¢ = 6 ns; C_ = 50 pF 


Tamb (°C) TEST | TESTCONDITIONS | 
74HCT 
SYMBOL | PARAMETER UNIT WAVEFORMS 
—40 to +85 | —40 to +125 
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PC74HC/HCT40103 
MSI 


AC WAVEFORMS — 


CP INPUT TE INPUT 


TC OUTPUT TC OUTPUT 


7293744 trot! wel tty 7293745 TTHL a! ee 


Fig. 8 Waveforms showing the TE to TC 


Fig. 7 Waveforms showing the clock input 
propagation delays. 


(CP) to TC propagation delays, the clock 
pulse width, the output transition times 
and the maximum clock pulse frequency. 


PL, MR INPUT 


TC OUTPUT CP INPUT 


7293747 7293746 


Fig. 10 Waveforms showing removal time 


Fig. 9 Waveforms showing PL, MR 
for MR. 


to TC propagation delays. 


stable 


CP INPUT vel? 


7293748 
CP INPUT 


7293749 


Fig. 11 Waveforms showing hold and set-up Fig. 12 Waveforms showing hold and set-up 


times for MR or PE to CP. | | times for P,,, PE to CP. | 


Note to Fig. 12 

The shaded areas indicate when the input 
is permitted to change for predictable 
output performance. 


Note to AC waveforms 
(1) HC : Vp = 50%; V,; = GND to Vcc. 
HCT: Vy = 1.3V; Vj = GND to 3V. 


226 October 1985 


DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


4-BIT X 16-WORD FIFO REGISTER 


FEATURES 


@ Independent asynchronous inputs and 


outputs 

@ Expandable in either direction 

@ Reset capability 

@ Status indicators on inputs and 
outputs 

@ 3-state outputs 

@ Output capability: standard 

® Icc category: MS! 


GENERAL DESCRIPTION 


The 74HC/HCT40105 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the “40105” of the 
“4000B”’ series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT40105 are first-in/first- 

out (FIFO) ‘elastic’ storage registers that 
can store sixteen 4-bit words. The “40105” 
is capable of handling input and output 
data at different shifting rates. This feature 
makes it particularly useful as a buffer 
between asynchronous systems. Each 

word position in the register is clocked by 
a control flip-flop, which stores a marker 
bit. A “1” signifies that the position’s 

data Is filled and a ‘‘0’’ denotes a vacancy 
in that position. The control flip-flop 
detects the state of the preceding flip-flop 
and communicates its own status to the 
succeeding flip-flop. When a control 
flip-flop is in the “‘O’’ state and sees a ‘1’ 
in the preceding flip-flop, it generates a 
clock pulse that transfers data from the 
preceding four data latches into its own 
four data latches and resets the preceding 
flip-flop to ‘‘0’’. The first and last control 
flip-flops have buffered outputs. Since all 
empty locations ‘‘bubble’’ automatically 
to the input end, and all valid data ripples 
through to the output end, the status of 
the first control flip-flop (data-in ready 
output - DIR) indicates if the FIFO is full, 
and the status of the last flip-flop (data-out 
ready output - DOR) indicates if the FIFO 


(continued on next page) 


7293838 


Fig. 1 Pin configuration. 


PC74HC/HCT40105 
MSI 


SYMBOL | PARAMETER 


propagation delay 
MR to DIR, DOR 
SO to Q, 


. propagation delay 
SI to DIR 
50 to DOR 


maximum clock frequency wd 


power dissipation 
capacitance per package 


GND = OV: Tamb = 25 °C; ty = te = 6 ns 

Notes 

1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp = Cpp x Vcc? x fj + = (CL x VCC? x fo) where: 


fj = input frequency in MHz Ci = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
Y (Cy x Vcc? x fo) = sum of outputs 


2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT40105P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT40105T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


FPINNO. | SYMBOL NAME AND FUNCTION 


output enable input (active LOW) 

data-in ready output 

shift-in input (LOW-to-HIGH, edge-triggered) 
parallel data inputs 

ground (0 V) 

asynchronous master reset input (active HIGH) 
3-state data outputs 

data-out ready output 

shift-out input (HIGH-to-LOW, edge-triggered) 
positive supply voltage 


13, 12, 11, 10 
14 
15 
16 


IN PROGRESS 


9 7293837 


Fig. 2 Logic symbol. 


Fig. 3 IEC logic symbol. 
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~ PC74HC/HCT40105 


MSI 


GENERAL DESCRIPTION (Cont‘d) 


contains data. As the earliest data is 
removed from the bottom of the data 
stack (output end), all data entered later 
will automatically ripple toward the 
output. 


- Loading data 


Data can be entered whenever the DIR 
flag is HIGH, by a LOW-to-HIGH 
transition on the shift-in input (S!). 
This input must go LOW momentarily 
before the next word is accepted by the 
FIFO. The DIR flag will go LOW 
momentarily, until the data has been 
transferred to the second location. The 


~ DIR flag remains LOW when all 16 word 


228 


locations are filled with valid data, and 
further pulses on the SI input will be 
ignored until DIR goes HIGH. 


Unloading data 


As soon as the first word has rippled to 
the output, the data-out ready output 
(DOR) goes HIGH and data of the first 
word is available on the outputs. 


Data of other words can be removed by a 
negative-going transition on the shift-out 
input (SO). This negative-going transition 
causes the DOR signal to go LOW, while 
the next word moves to the output. As 
long as valid data is available in the FIFO, 
the DOR signal will go HIGH again 
signifying that the next word is ready at 
the output. When the FIFO is empty, 
DOR will remain LOW, and any further 
commands will be ignored until a “1” 
marker ripples down to the last control 
register and DOR goes HIGH. 

If during unloading SI is LOW, data on 
the data input of the FIFO is entered in 
the first location. 


Master reset 


A HIGH on the master reset input (MR) 
sets all the control logic marker bits to 
“0’", DOR goes LOW and DIR goes 
HIGH. The contents of the data register 
are not changed but will be superseded 
when the first word is loaded. Thus MR 


does not clear data within the register but 


only the control logic. If the shift-in flag 
(SI) is HIGH during the master reset 


pulse, data present at the input (Dg to D3) 


is immediately moved into the first 
location upon completion of the reset 
process. 


October 1985 


3-state outputs 


In order to facilitate data busing, 3-state 
outputs (Og to Q3) are provided on the 
data output lines, while the load condition 
of the register can be detected by the 
state of the DOR output. A HIGH on the 
3-state control flag (output enable input - 
OE) forces the outputs into the 
high-impedance OF F-state mode. 


Cascading 


The “40105” can be cascaded to form 
longer registers simply by connecting 
the DIR outputs to the SO inputs and 
the DOR outputs to the SI inputs. 

In the cascading mode, a master reset 
pulse must be applied after the supply 
voltage is turned on. For words wider 
than 4 bits, the DIR and DOR outputs 
must be gated together with AND gates. 
Their outputs drive the S! and SO inputs 
in parallel, if expansion occurs in both 
directions (see Figs. 6 and 7). 


APPLICATIONS 


Bit-rate smoothing 
CPU/terminal buffering 
Data communications 
Peripheral buffering 

Line printer input buffers 
Auto-diallers 

CRT buffer memories 
Radar data acquisition 


PC74HC/HCT40105 
MSI 


4-bit x 16-word FIFO register 


INPUT BUFFERS OUTPUT BUFFERS 


4x16 
DATA REGISTER 


9 7293838 


Fig. 4 Functional diagram. 


DEVELOPMENT DATA 


ee | 
OUTPUT 
LATCHES a BUFFERS 
position 1 position 2 to 15 position 16 72938650 


Fig. 5 Logic diagram. 


Notes to Fig. 5 

(see control flip-flops) 

(1) LOW on § input of FF1 and FF5 will 
set Q output to HIGH independent 
of state on R input. 

(2) LOW on R input of FF2 and FF3 will 


set Q output to LOW independent 
of state on § input. 


| 
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PC74HC/HCT40105 
MSI 


7293839 


(1) Master reset pulse must be applied when cascading by 16 n-bits. 
Fig. 6 Expansion; 4-bits wide-by-16 n-bits long. 


8-BIT DATA 8-BIT DATA 


— $0 


7Z93840 


(1) Master reset pulse must be applied when cascading by 16 n-bits. 
Fig. 7 Expansion; 8-bits wide-by-16 n-bits long. 
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DEVELOPMENT DATA 


4-bit x 16-word FIFO register 


PC74HC/HCT40105 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘“HCMOS family characteristics’, section ‘‘Family specifications’’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = OV; t, = te = 6 ns; Cy = 50 pF 


Tamb (°C) | TESTCONDITIONS | CONDITIONS 
SYMBOL 


74HC 
PARAMETER a0 vo +125 UNIT Vee WAVEFORMS 
40 to +125 
tpHL/ 
tPLH 45 


propagation delay 


MR to DIR, DOR 


propagation delay 
SI to DIR 


propagation delay 
SO to DOR 


propagation delay 


SO to O, 120 | ns 4.5 Fig. 11 


propagation delay/ripple 
through delay 
S! to DOR 


propagation delay/ripple 
through delay 
SO to DIR 


Output transition time 


3-state output enable 
OE toQ, 


tpyz/ 3-state output disable time 
tPpLz OE to Qy 
tw SI pulse width 


HIGH or LOW 


SO pulse width 
HIGH or LOW 


DIR pulse width 
HIGH or LOW 


October 1985 231 | 


i 


PC74HC/HCT40105 
MSI 


AC CHARACTERISTICS FOR 74HC (Cont‘d) 
GND = OV, ty = tf = 6 ns; C__ = 50 pF 
| TESTCONDITIONS | TESTCONDITIONS 


SYMBOL | PARAMETER Vee WAVEFORMS 
t DOR pulse width 
Ww HIGH or LOW 


t MR pulse width 
W HIGH 


removal time 
MR to SI 


set-up time 
Dy to SI 


hold time 

Dy to SI : Fig. 16 
maximum pulse frequency : 

SL, SO : Figs 9 and 10 
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PC74HC/HCT40105 
MSI 


4-bit x 16-word FIFO register 


DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter ‘“‘HCMOS family characteristics’, section ‘‘Family specifications’’. 
Output capability: standard 

Icc category: MSI 

Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; t,; = te = 6 ns; C, = 50 pF 


SYMBOL | PARAMETER 


tpHL/ propagation delay 
tPLH MR to DIR, DOR 


tpH/ propagation delay 
tPLH S| to DIR 


propagation delay 
tpHL/ prop jation delay 
tPLH SO to O, 
propagation delay/ripple 
tPLH through delay 
SI to DOR 
propagation delay/ripple 
tPLH through delay 
SO to DIR 
tTHL/ output transition time 
tTLH 
tpzH/ 3-state output enable time 


TEST CONDITIONS 


Vec | WAVEFORMS 


Tamb (°C) 
74HCT 


ol ol 


N N 
o 
NO 
ol 
NO NO 


UNIT 


+25 —40 to +85 | —40 to +125 


typ. 


<< | 


DEVELOPMENT DATA 


o f°?) 


750 


tpyz/ 3-state output disable time 
tPLZ OE to Q, 

t S| pulse width 

W HIGH or LOW 

‘ SO pulse width ' 
W HIGH or LOW 


+ > wW 
nad 
oa 


W 


on NO 
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~PC74HC/HCT40105 
MSI 


AC CHARACTERISTICS FOR 74HCT (Cont‘d) 
GND = OV; ty = t¢ = 6 ns; CL* 50 pF 


P Tamb PC P Tamb PC Cc) TEST | TESTCONDITIONS —_| 
pane 


eS See Foe Veo WAVEFORMS 
| 425 | 40 to +85 } 40 to +128 | to +125 


SYMBOL | PARAMETER 


a 

DIR pulse width 

HIGH or LOW 
DOR pulse width 

HIGH or LOW 
MR pulse width 

HIGH 
removal time 

MR to Sl 
set-up time 

D,, to SI 


hold time 
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DEVELOPMENT DATA 


4-bit x 16-word FIFO register 


AC WAVEFORMS 


MR INPUT 


Q,,,DOR 
OUTPUTS 


DIR OUTPUT 
7293841 
Fig. 8 Waveforms showing the MR input 


to DIR, DOR output propagation delays 
and the MR pulse width. 


SO INPUT 


DOR OUTPUT 


7293843 


Fig. 10 Waveforms showing the SO input 
to DOF output propagation delay. The SO, 
DOR ¢£ !se widths and SO maximum pulse 
frequency. 


St INPUT 


DOR OUTPUT 


7293845 


Fig. 12 Waveforms showing the SI input 
to DOR output propagation/ripple through 
delay. 


PC74HC/HCT40105 
MSI 


S! INPUT 


DIR OUTPUT 


7293842 


Fig. 9 Waveforms showing the SI input 
to DIR output propagation delay. The SI, 
DIR pulse widths and SI maximum pulse 
frequency. 


SO INPUT 


Q,, OUTPUT 


7293844 


Fig. 11 Waveforms showing $0 input to Q, 
output propagation delays and output 
transition time. 


SO INPUT 


DIR OUTPUT 


7293846 


Fig. 13 Waveforms showing the SO input 
to DIR output propagation/ripple through 
delay. 


October 1985 235 


PC74HC/HCT40105 
Ms! 


AC WAVEFORMS (Cont’d) 


MR INPUT 


Q, OUTPUT 
LOW-to-OFF 
OFF -to-LOW 


S| INPUT Vall) 


Q,, OUTPUT 
HIGH - to-OFF 7293847 
OFF -to-HIGH 


Outputs —plg——— outputs —__»/<— outputs 
7293848 enabled disabled enabled 


Fig. 15 Waveforms showing the MR input 


Fig. 14 Waveforms showing the 3-state enable 
to SI input removal time. 


and disable times for input OE. 


D, INPUT 


S! INPUT 
7293849 


Fig. 16 Waveforms showing hold and set-up 
times for D, input to SI input. 


Note to Fig. 16 Note to AC waveforms 


The shaded areas indicate when the input (1) HC : Viy = 50%; Vy = GND to Vcc. 
is permitted to change for predictable HCT: Vy = 1.3 V; V) = GND to 3V. 
output performance. 
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